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PREFACE. 



Photographers liave long felt the need of a practical text- 
book on photographic optics. No subject is more important 
for them to thoroughly understand; yet, strangely enough, 
few subjects connected with photography have received so 
little attention by those who are qualified to teach. 

It is with especial satisfaction, therefore, that this reliable 

instruction book, written by an authority, is sent forth on its 

career of usefulness by 

The Publishers. 

New York City, April, 1891. 
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LlOHT. 

■ We all have a pretty fair notion of what we mean wben we 
talk of " light." and yet when an attempt is made to give a 
precise definition of the term, to limit its meaning closely, the. 
diffloulty is by no means small. 

The first idea of light, and one which is strictly correct so 
far as it goes, is " that which enables us to see objects ;" and 
the question what is this which gives us the power will prob- 
ably elicit from a scientist that it is a form of " radiant 
energy," which statement is also probably strictly correct, but 
requires a little investigation. 

Taking the word " energy " first. This word is commonly 
defined as "the power to do work," or, in other words, to 
''produce motion against resistance."* Energy may show 
itself in many forms, as, for example, heat, light, and elec- 
tricity; or again, the energy may be in the form called 
" potential " being, that is to say, stored up, not showing itself 
in any way, bat prepared to do so when certain conditions are 
fnlfilled. Again, the energy may be kinetic. The energy 
possessed by, for example, the weight of a clock which has 
just been wound up is potential; the energy of that weight 
were the supporting chain to break would lie the kinetic, to a 
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certain extent, at any rate. In each case it is energy, inas- 
nmch as it is capable of producing motion against resistance. 
In the first case the motion of tlie works of the clock against 
the resistance of friction, and in the second place tlic motion 
of anything which happens to be in the way of the falling 
weight — against the resistance of inertia if nothing else. In 
both cases the energy will, for the most part, eventually change 
its form from that of potential or kinetic energy into that of 
heat^ — another form of enei^. For it is one of the funda- 
mental principles concerning energy, that although it can be 
changed from one form to another, its destruction as energy 
is, so far as we know, impossible. This great principle is 
known as "the conservation of energy," and along with 
another, the indestructibility of matter, forms the basis of 
nearly all modern scientific reasoning. Neither principle can 
by any means be taken as alisolutely and eternally true; all 
that we can say is that, within the limits of the sphere of 
human reasoning, they are to all intents and purposes true, 
and form a most useful basis for working on. 

The law of the conservation of energy is thus stated by 
Prof, Maxwell : " The total energy of a body or system of 
bodies is a quantity which neither be increased nor diminished 
by any mutual action of their bodies, though it may be trans- 
formed into any of the forms of which energy is susceptible." 

To take a practical and familiar example, we place in the 
fire-box of the boiler attached to the engine of a steam crane a 
certain quantity of coal. This coal contains a vast amount of 
energy in the potential or latent form, not making itself 
apparent to any of our senses, but requiring only that certain 
conditions will be fulfilled when the potential energy will be 
changed with various other forms. The conditions are the 
presence of oxygen with which the carbon and hydrogen of 
the coal may combine, and, generally, some internal stimulus 
to start the combination. In plain language, the fire of coals 
wants air and requires to be lighted. 

We now immediately have energy exhibited in two forms 
■ — light and heat. A certain amount of light will probably 
escape by the furnace door, and possibly by the chimney. 
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That which is confined to the fire-box will be converted into 
heat by a process which it is impossible to follow. The greater 
part of it, however, is converted directly into heat, and tlie 
most of this heat is absorbed by the water in the boiler. Some 
of it, however, escapes up the chimney. 

We shall suppose the engine used to lift a heavy weight, 
let us say a weight of one ton, to a height of fifty feet. When 
the engine is started, the greater part of the energy goes off 
in the form of the heat of exhaust steam. It can, however, 
be proved that a certain amount of the heat has taken the 
form of electricity, and that some of the energy is being used 
to perform work — that is to say, lift the ton weight to the 
height mentioned, fifty feet. When this weight has been 
lifted and put in position so that it is supported at a height of 
fifty feet above its first position, a certain definite amount of 
the energy that was at first latent in the coal is now in the 
" potential " form in the weight. The rest of the energy has 
been dissipated in the various ways indicated — ^by far the 
greater part of it in the form of heat — ^but could it all be 
collected together again it would be found to be precisely the 
same in quantity as before the coal was lighted ; or, to go 
farther back, because it is supposed that the coal got its energy 
by absorbing some of that radiated from the sun when it (the 
coal) was a living tree, the same in quantity as when it was 
sent from the sun thousands of years ago, and was absorbed 
by a plant growing on the surface of the earth. Nay, we 
might go farther back, and accepting the nebular theory, trace 
the energy to that time when it was potential, or energy of 
position due to the enormous distance of the greater part of 
the nebulous mass from its center of gravity. 

But, to follow the portion of the energy that is stored up in 
the weight lifted, this can readily be converted into other 
forms of energy. If the support of the weight be removed 
and the weight be allowed to fall, the energy will be converted 
from the potential into the kinetic form. Leaving out of the 
question air frictions, by the time the weight has fallen fifty 
feet, the whole of the energy which was passed from the coal 
to it, and which was in the potential form, has become kinetic. 
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At any time before it has fallen the fifty feet a portion is 
kinetic, a pottion potential. Thus at twenty-five feet one-half 
of the energy is kinetic, the other half is potential, and ae the 
body continues to fall the rest of the potential energy is trans- 
formed into kinetic energy, 

Ab we have left air friction out of the question, we must 
suppose the falling of tlie body to take place in vaoio. We 
shall suppose that when it lias fallen fifty feet it conies to rest, 
striking some hard substance. The energy is still not lost, but 
is merely converted into heat, probably a little light, and pos- 
sibly some electricity. The falling body and whatever it fell 
on have both been heated, and bad the experiment been per- 
formed in darkness a fiasli of light would pretty certainly have 
been seen to accompany the coming fo rest of the falling 
object. It is further likely that there has been some greater 
or less electrical disturbance, and that a little of the energy 
has gone in this last^mentioned form. The whole of it, how- 
ever, could it be collected together, would be just sufficient to 
raise the weight to the place from which it fell. 

We have here seen eneigy changing its form many times 
and being divided up into different forms of energy, and this, 
although we liave not taken into consideration at all various 
of its phases, as when steam was stored under pressure in the 
boiler, when the saipe steam was expanding in the cylinder, 
etc. Still, all these forms of energy could, with greater or 
less ease, be placed in one or other of two classes — potential 
energy and kinetic energy — the one typified by the weight 
ready to fall or by a coiled-np spring, the other typified by 
the falling weight or by a projectile that might be discharged 
by the uncoiling of the spring. Thus, heat, as exhibited in 
the fire, in the water and steam of the boiler, in the exhaust 
steam from the engine, in the weight that has fallen, and in 
the body that it has fallen on, are all sujtposed to be phen- 
omena of the extremely rapid movement of the atoms or 
molecules of the various substances. The same may be said 
of the tight, and probably of the electricity. Indeed, it is 
possible that at some time all forms of energy may be 
explfuned in terms of motion alone. 



1 
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I 

We are to consider light, then, as one mode in which the 
energy of a body becomes known to ns ; and lominons bodies 
are those which are of themselves capable of chan^g part of 
the energy they possess or receive into this form. 

The same definition may be given of heat as of light, and 
there are few cases when light is given off where heat is not 
given off too ; and, in fact, there is no hard and fast line to be 
drawn between heat and light. Both are supposed to be 
phenomena of a very rapid vibration of particles, the light, on 
the whole, of a slightly rapider vibration than the heat ; but, 
especially in considering photographic action, it would be well 
were no distinction attempted between the two, but were some 
such name as radient energy used to designate those forms of 
light and heat which may be capable of photographic action. 
It will be understood that when we speak of light we use the 
term in this meaning. 

light, then, we suppose, has its origin in the conversion of 
some of the energy of a body into an extremely rapid motion 
of the atoms of that body ; but something more is necessary to 
account for the transmission of the light from its source to a 
distance. The theory of Newton, known as the " emission 
theory," was that the light-giving body threw off material 
particles which traveled in all directions in straight lines. 
Insurmountable difficulties were found to stand in the way of 
the general adoption of this theory, and the "undulatory 
theory" took its place. By this it is assumed that the whole 
of space is filled with a substance to which the name of 
ether has been given, this ether being imponderable, and 
being made sensible to us only when thrown into a state of 
inconceivably rapid vibrations. It is assumed that sources 
of light communicate the vibration of these atoms to the 
ether, which takes up that vibration and transmits it to a 
distance. 

Newton's difficulty in accepting this hypothesis lay in 
the fact that he could not explain, on the vibration theory, 
the rectilinear transmission of light — the fact that an opaque 
body (one which did not permit the passage of the vibration) 
should cast a shadow ; that the vibration should not pass round 
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the opaque body, as sound passes round a solid body which 
will not transmit it. 

The rectilinear transmission of a vibration has, since New- 
ton's time, been explained, and most, or all the phenomena of 
light which have been investigated have been found to be 
compatible with the undulatory theory. The explanation of 
the fact that light travels in straight lines only (with excep- 
tions that will be hereafter considered) is too complicated to 
insert here. Those who wish to investigate the question fur- 
ther are referred to the book already mentioned in a foot-note. 

The vibration which transmits sound through the air, or 
any other elastic medium, is supposed to consist of a motion 
of the atoms of the elastic body in the line of the direction of 
the traveling sound ; that so long as the sound continues each 
particle of the medium through which it is passing keeps 
oscillating in the direction of and away from the source of 
sound. It is quite different, however, in the case of light. In 
this case it is necessary, to render the vibration theory com- 
patible with various phenomena, to suppose a vibration of the 
ether transversly to the direction in which the light is travel- 
ing. It should be here pointed out that we caimot talk of 
particles, atoms, or molecules of the etHer moving transversely 
to the direction of the vibration, as the ether is supposed to be 
a homogeneous substance, one of infinite divisibility, and of 
complete indivisibility which comes to the same thing. In 
fact, one of the theories of atoms is that they consist of centers 
of motion of the ether, these centers of motion being in the 
form of vortex rings. 

To render a transverse vibration conceivable, the following 
experiment is commonly performed. A flexible cord is allowed 
to hang freely from a high roof. Glazebrook recommends 
particularly an elastic (India-rubber) tube filled with sand as 
the most suitable. The lower end of the tube is held in the 
hand, and a sharp transverse motion is given to it ; that is to 
say, the tube is quickly moved in a direction at right angles to 
its length. A single vibration will now be seen to travel 
quickly up the tube, to, so to speak, strike the place where the 
tube is fixed, and to return to the hand, which will feel a 
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difitinct jerk. Now this vibration undoubtedly traveled in the 
direction of the cord, yet each part of the cord moved at right 
angles to its direction, or transversely to the direction of the 
vibration. This vibration is somewhat of the nature of that 
imagined for light, and, indeed, the return of the vibration 
down the tube may be taken as roughly typifying the reflec- 
tion of a beam of light. 

In the case imagined it has been supposed that the hand 
was jerked in a straight line (approximately) in a direction at 
right angles to the length of the cord, but this jerk might con- 
sist in making the lower end of the cord rapidly describe a 
circle. The vibration would, in this case, travel along the 
cord just as in the other, and if the end of the cord were kept 
continually turning, so as to rapidly describe the same circle 
over and over again, there would be a continuous transference 
of vibrations along the cord. This is, perhaps, the nearest 
physical representation that we can get of the supposed man- 
ner of the transmission of light by transverse vibrations through 
ether. 

The speed of light, and the smallness of the vibrations, are 
such as not to be really conceivable to the mind. Approxi- 
mately, light travels 185,000 miles in a second of time, and in 
each inch of all these miles there are, for an average beam of 
light, about 44,000 vibrations. I say for an average beam of 
light, for all light that we know of is compounded of vibrations 
of different lengths. It will be understood that the length of 
a vibration is the distance between any point of one wave of 
the vibration to a > similar point in the wave immediately 
before or in front of it. 

I ha^e already said that, in considering the radient energy 
which acts photographically, we can make no hard-and-fast 
line between what is commonly called heat and what is com- 
monly called light, in that it is visible to the eye ; but as a 
general and approximately correct truth, it may be said that 
the greater part of heat phenomena are produced by waves 
longer than those mentioned (having fewer to the inch) ; the 
greater part of sight phenomena — in the case of human beings, 
and at any rate probably in the case of all the larger higher 



12 PHOTOOBAPHIO OFTIGB. 

animals — by vibrations of abont the length mentioned; the 
greater part of chemical phenomena, snch as sre made sub- 
servient to photography, to vibrations shorter than those men- 
tioned, that is to say, of which there are a larger number to 
the inch. 

I have, in the foregoing brief exposition of the undnlatory 
theory, carefully treated it as a hypothesis only, and it must 
always be borne in mind that it is nothing more. No human 
being has ever thoroughly even conceived of the vibration of 
ether, which is said to transmit light. It is, however, com- 
monly said that the undnlatory theory, if too subtle to be 
quite conceived by the mind, explains most of the phenomena 
of light. This it certainly does not do. It is really only a 
nearly conceivable hypothesis which is corajxititfle with most 
of the phenomena of light which have been investigated, and 
without assuming which it appears, in our present state of 
knowledge, impossible to account for some of the phenomena. 
As such, it is very useful, because it may be assumed by 
analogy that it will be compatible with many others, and 
these may be first worked out on that assumption. Every 
problem worked out by this and of the hypothesis, and found 
to give results agreeing with facts, etrengthens the said hypo- 
thesis, and renders it more likely that it is a true one. 

Having thus explained that the undulatory theory is to be 
taken as a hypothesis only, I shall, to save continual repetition 
of this explanation whenever the words or expressions " undu- 
lation," " wave of light," and so forth have to be touched on, 
talk as if the theory were an established fact. Of course this 
includes the admission of the existence of ether, although it 
by no means involves even the assumption that the atoms 
which compose matter are formed out of this ether, in the 
sense of consisting of centers of motion of its substance (if 
one may apply the term substance to such a thing as ether) or 
in any other sense. 



CHAPTER n. 

On the Rbflbction, Transmission, asd Absosphon of Light 

BT Matter. 

So FAB we have oonsiderod merely the body from which 
light emanates, the ^* source of light,*^ and the transmission of 
the light from this source through space. We come now to a 
brief consideration of the effects prodnced when this light 
comes in contact with any material object — with matter, to 
put it briefly. 

It is necessary, before going further into this, to consider 
very briefly the atomic theory of matter. To go fully into a 
consideration of this question here would be quite out of 
place; those who wish to do so may consult the article 
"Atom," in the latest edition of the " Encyclo|)aBdia Brit- 
annica." 

Briefly put, it is assumed in the atomic theory that all 
matter is made up of innumerable small fragments called 
atoms, and that the distinctive feature of these atoms is^ that 
they arc indivisible and indestructible; also that they are 
capable of individual motion. It is assumed, further, that 
these atoms are in motion in the case of all matter that we 
know of ; that there are atoms differing one from another in 
some such way — either by being individually different, or by 
forming themselves into different groups — ^as to make them 
constitute, when in motion, different kinds of matter. Fur- 
ther, it is supposed that these atoms, whether several of one 
kind, or several of various kinds, are capable of building 
themselves up into systems, which are called molecules. By 
a stretch of imagination we may illustmte a piece of matter 
by the whole of the universe that we know of, supposing each 
celestial body to be an atom. The conditions are so far 
fulfilled that these bodies are in continual motion. A mole- 
cule may then be conceived as illustrated by a solar system, or 
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by one of the systems of fixed stars that we know of, in which 
there are very special motions of each of the bodies of the 
system in relation to the others. 

The different states of matter — as solid, fluid, and gaseous 
— are, in the molecular theory, supposed to be attributable to 
different degrees of motion of the atoms. 

Much discussion as to what constitutes an atom, what are 
its physical properties when isolated, has taken place. Some 
have supposed atoms to consist of minute elastic spheres, 
thereby assuming, in an atom, one of the very properties — 
elasticity — for the explanation of which the actomic theory 
was invented. Others have supposed them to be centers of 
force, of attraction and repulsion merely. There are many 
other theories, amongst which that of Sir William Thomson, 
already mentioned, stands pre-eminent. He has supposed 
that atoms consist of vortex rings, which may be physically 
represented by the rings of smoke which some smokers can 
blow from their mouths, these vortex rings being, however, 
formed in an atomless ether in place of in the air. At first 
sight this idea seems so preposterous that it might be dismissed 
without further consideration ; yet a careful investigation of 
it shows that it carries with it fewer objections than any other 
theory for the formation of atoms that has ever been enumer- 
ated. The properties of "vortices" investigated by Helm- 
holtz and Thomson are so very remarkable that scarcely 
anything is too extravagant to expect from them; further, 
the theory is better than any other, inasmuch as it requires 
much more molecule assumption than any others ; in fact, it 
requires the assumption merely of an ether, consisting of a 
primitive fluid having no other properties than inertia, invari- 
able density, and perfect mobility.* 

So much having been said of the atomic theory, it is neces- 
sary to state, as in the case of the undulatory theory, that it is 
merely a theory, inasmuch as, without requiring assumptions 
which it is impossible to grant, it is compatible with many or 
all the phenomena which have been •investigated with refer- 

**' Encyclopaedia Britaanica," article "Atom." 
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ence to it ; and that, without admitting it, it is impossible, in 
the present state of our knowledge, to account for some phe- 
nomena. In future, it is spoken of as if it were more than a 
theory — ^an established fact. This is done to avoid the neces- 
sity for continually repeating the statement that it is but a 
theory. 

This much of the supposed nature of matter is preparatory 
to a few words as to the effects which are produced when an 
undulation of light in ether impinges or strikes upon matter 
of any kind. So far as we know, whenever light strikes any 
material object, one of three things takes place : either the 
light is reflected, it is transmitted, or it is absorbed. It would, 
perhaps, be more correct to say that in every case all three of 
these things take place, but in many cases one occurs to so 
much greater an extent than the other, that it may without 
much deviation from the truth be spoken of as if the others 
did not occur at all. 

The general idea conveyed in the word reflection need 
scarcely be explained. It is simply a casting back of some- 
thing which comes in contact with a material surface. In the 
emission theory, reflection was easily disposed of, on the 
assumption that the material particles which constituted the 
light rebounded from the surface as an elastic ball does when 
it strikes a wall. Accepting the undulatory theory, it is pos- 
sible to imagine that the undulations of light transmit this 
vibration to the surface of the reflecting object, the atoms of 
which are capable of a vibration of the same period as that of 
the light striking them. They will then themselves be, so to 
speak, a source of light giving off new vibrations to the ether 
of the same kind as those they receive. There is no case of a 
perfectly reflecting body ; every body which reflects light also 
either transmits or absorbs some of it, or does both things. 
There are many substances which reflect light of some particu- 
lar wave-lengths between certain limits only. All colored sub- 
stances are of this nature. It may be imagined that in the 
case of these the atoms are capable of answering to vibrations 
of certain periods, but not to those of others. 

Reflection is a subject not of great importance in connection 
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with photography, except in so much that it is only in virtue 
of reflection tliat we are able to photograph objects at all, 
which can, it is true, scarcely be considered a trifling matter. 

The well-known law of reflection must be stated. It is 
that when a ray of light strikes a reflecting body, the incident 
and reflected rays are in the same plane as each other, and as 
the normal, are on opposite sides of the normal, and form 
equal angles with it. The normal is a line at right angles to 
the reflecting surface at the point of incidence. 

Substances which transmit light or allow it to pass through 
them are said to be transparent. There are no bodies which 
are perfectly transparent. All so called transparent substances 
reflect a certain amount of the light which impinges on them 
— as a rule, a greater quantity the more oblique to the sur- 
face the direction of this light — and absorb another certain 
amount. 

Whether when light passes through a transparent body the 
atoms of the body simply permit of the passage of the undu- 
lations of ether between them without interference, or whether 
the atoms themselves vibrate and transmit the vibrations, has 
been a matter of dispute ; but the fact that the velocity of 
light is changed, being reduced when it passes from vacuum 
to a transparent medium, would indicate that the atoms take 
part, at least to a certain extent, in the imdulation or vibrar 
tion, and indeed it is impossible — to the writer at least — ^to 
conceive that matter, constituted in accordance with Thom- 
son's theory, should allow a vibration to pass through it 
without causing some motion of the atmosphere due to that 
vibration. ~^ 

This change of velocity is a most imp(»rtant matter in con- 
nection with the action of light, as to it is due the fact that 
light is changed in direction, or is refracted^ when it passes 
from vacuum into a transparent medium; or, as a rule, when 
it passes from one transparent medium to another — as, for 
example, from air into glass. This refraction is the cause of 
all the phenomena observed in connection with prisms, the 
spectroscope, lenses, and in fact the majority of so-called 
optical instruments. As, however, refraction needs to be 
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treated of at some length, I say no more of it here than that it 
is accounted for on the undulatory theory by the differences of 
velocity of light in vacuum and in various transparent media. 
It is scarcely possible here to enter into the explanation of the 
action whereby the retardation or acceleration of the velocity 
of a wave of light, falling obliquely on the boundary of two 
media, causes a change in the direction of the wave ; but it 
may be said that the agreement of the fact here stated with 
theoretical action on the undulatory theory is considered as 
one of the great arguments in favor of that theory, as against 
the emission theory. 

When light impinges on a body which neither reflects or 
refracts it, as when it strikes a black opaque body, it is said to 
be ahsorhed. This means that the energy of the light passes 
into the body in some form. It is not — except in a very few 
cases — strictly correct to say that the light, or any but a little 
of it, is actually absorbed. In most cases a certain amount of 
the light is absorbed, the energy going to cause vibration of 
the atoms of the body ; these vibrations being, however, of 
such period that they do not make the body visibly luminous, 
but merely heat it. Such of the vibrations as were of such 
speed before as to give light sensations, serve to produce in 
the body slower vibrations, and it is commonly said that the 
form of energy is changed from that of light to that of heat. 
We have, however, already explained that in photographic- 
ally considering light we cannot draw any hard-and-fast line 
between those undulations which are chiefly sensible through 
the sense of sight, and those which are chiefly sensible through 
their heating power. But to use the convenient popular 
phrase, which will be readily understood if taken with the 
qualifications just mentioned, after so much light has been 
converted into heat and to raise the body acted upon by the 
light to a certain temperature, energy is given off in heat as 
rapidly as. it is absorbed in the form of light. It is given off 
in the form of radiation, by transmitting to the surrounding 
ether wave motions of a slower rate of vibration tlian that 
which was received from it ; and, if the body be not isolated 
in vacuum, by communicating directly to the air around it, or 



18 PHOrOOBAPHIC OPnOB. 

to other objects which are in contact with it, energy in the 
the form of heat. 

There are a few cases in which light which is abecM'bed is 
given off in the same form in which it is received ; that is to 
say, in which the vibrations are not reduced in period. The 
best examples of such bodies is the Inminons paint now so 
well known. This possesses the power jnst mentioned in a 
very high d^ree, but there are very many bodies which pos- 
sess it to a trifling extent. 

There is yet another variety of absorption of light which 
must be specially considered, as it is of great importance in 
connection with photographic matters. In fact, to it may be 
said to be entirely due the possibility of photography. This 
is the form of absorption in which the energy of the light is 
exerted in changing in some way the chemical (or molecular) 
constitution of the body. 

We take a piece of sensitive photographic paper of any 
kind — let us say that known as albumenized paper — ^and place 
it in the sunshine. It very quickly darkens. This darkening 
is the outward sign of some chemical change in one or more 
of the substances in the paper, or on its surface, and is due, 
strictly speaking, to a change in form of some of the energy 
which reached the paper as light. 

We can by no means say for certain what is the change that 
takes place, or in what way it is brought about, but the fol- 
lowing is a hypothesis. We shall suppose, for the sake of 
simplicity, that there is only one sensitive substance under 
consideration, and that it is a compound substance. Of such 
a compound substance each molecule is in the form of a 
system of atoms of at least two different kinds. We shall 
suppose, for the sake of simplicity, that there are two large 
atoms of one kind, and one small one of another kind. These 
are in continual motion relatively to one another ; each one is 
supposed to be vibrating in a course in some way determined 
by the other two, and with a certain period of vibration. A 
vibration of the ether with which the atoms are surrounded, 
or of which they may be constituted, may communicate itself 
to these atoms. The hypothesis is that the vibration will 
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communicate itself more rapidly to an atom if the normal 
period of vibration of the atom is the same as the period of a 
vibration of the ether. 

The physical analogue of this is to be seen in the case of a 
pendulum, which may readily be made to swing through a 
considerable arc if given a series of very slight impulses at 
periods corresponding with the natural period of the swing of 
the pendulum, but cannot be caused to swing through nearly 
so large an arc by much stronger impulses applied at other 
periods ; as in the ease of the famous experiment at the Menai 
Bridge, when it was found that the whole structure could, by 
the concerted action of a few men pushing it at periods corres- 
ponding with its natural vibration, be deflected through a 
much greater distance than by a storm of wind which applied 
hundreds of times the force that the men applied. 

We may now suppose the smaller of the three atoms that 
we have imagined to have a period of oscillation equal to that 
of the undulation of light which is brought to play on it. It 
is supposed that the oscillation of the atom is increased to 
such an extent that it disassociates itself from the other two, 
and flies off either by itself in what is technically called the 
"free" form, or to join itself with some other atom to form 
a new molecule ; in other words, to form a new eom.bination 
or chemical substance. 

This is — perhaps not very well described — the molecular 
theory of the chemical action of light, supported, and I 
believe first enunciated, by Abney. Granted the atomic and 
the undulatory theory, it appears to be sound enough, but of 
course it can only be taken as a theory. We do, however, 
know that light may use its energy to change the chemical 
composition of certain bodies. To this action is given the 
name of photographic action. 



CHAPTER III. 

Refraction of Light. 

We have mentioned that a ray of light in passing from a 
vacuum into any transparent substance usually has its direction 
changed, and that the same occurs when it passes from one 
transparent medium to another. There is also a change of 
direction when the ray leaves the transparent body. 

The law of refracton is commonly stated as follows : " The 
incident and refracted rays lie in a plane which also contains 
the normal at the point of incidence, and on opposite sides of 
the normal. The refracted and incident rays make with the 
normal at the point of incidence angles, the ratio of whose 
lines depends only on the two media, and the natm^e of the 
light." 

The ratio existing between the size of the angle between 
the incident ray and the normal in vacuum, and the size of 
that between the refracted ray and the normal, is called the 
refractive index for that particular medium. 

This for completeness sake. We now go on to consider the 
bearing of these facts on certain forms of transparent objects, 
leaving all technical scientific phraseology on one side. 




Fig. 1. 



The most popular illustration of refraction is that in which 
a coin is placed in the bottom of an empty tub at such a posi- 
tion that an observer stationed at a certain- point is just unable 
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to eee it. The tub is then filled with water, whea the bending 
of the ray of h'ght enables the observer to see the coin. We 
illustrate this case of refraction here, although it is not the 
happiest illoBtration of refraction that conld be chosen as a 
first example, because the bending of the ray of light takes 
place in the passage from a dense uiedinm (water) into a com- 
paratively rare one (air), where, as in most cases of refraction 
that we liave te deal with in optics, the ray passes first from a 
Tare into a dense medinm. 

We shall take the case of a ray of light striking obliquely 
tiie surface of a thick sheet of glass or of some similar trans- 
parent substance. But just let us say that in all cases of 
refraction to be here considered, the air may be left out of 
consideration, and it may be taken that the results are the 
same as if the ray of light entered the transparent medium 
directly from vacuum. 




In the accompanying sketch we imagine A B to be a thick 
sheet of glass with parallel sides. C D is a ray of light inci- 
dent to the upper surface striking it obliquely. 

The ray of light will not continue directly on its course 
towards E; but will have its direction changed, bo that it 
strikes the lower side of the sheet of glass at F, Here, how- 
ever, it again does not continue in a straight line, which would 
carry it to G, but is once more bent, taking the direction F H, 
which is parallel with that D E or C D, In this case, there- 
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fore, the ray issues in & direction parallel with ite first direc- 
tions, but not in line with it. 

The line K D is a line at right angles to the enrface of tbe 
glass where the ray of light is impinged on it. D L is a con- 
tiunation or production of that line. The whole line K L 
forms the " Normal." It is to be observed that on entering 
the glais the light is hent towards this line. F M is at ri^t 
angles to the lower surface of the plate of glaaa at the point 
where the ray emerge, and it is to be observed that the ray Is 
bent aatayfrom this line. This is a very important point to 
remember, and I repeat it in general terms. A ray of light 
obliqnet^ entering a transparent substance is bent towards a 
line drawn at right angles to the surface of the point of 
entrance ; a ray of light leaving a transparent substance ie 
bfent away from a line drawn at right angles to the surface of 
the Bubstaace at the point of exit. 

The importance of this matter wiU very soon be perceived. 
In the case that has jnst been taken, and which has been illus- 




trated by a sketcli, the two surfaces of the transparent body 
Were parallel, and the ray of light issned parallel with the 
dii^ction in which it entered ; bnt Iiad the surface of the body 
not been parallel the issuing ray would have had its direction 
changed; in other words, it would have been completely 
bent in passing through the transparent body. On this fact 
depends the whole of the structure of lenses, and of the greater 
number of optical instruments. 

To take a special case, namely, that of a prism. A prism is 
here illnstrated, or to speak more correctly the section of one. 
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We liave now, suppoaing C D to be a ray of light falling 
obliqnelj on one side of the priBm, only to bear in mind that 
it will bend towards the line K D L at right angles to the 
entering surface, and ay>ay from the line F M at right angles 
to the snrface of exit, to see that it will take a direction some- 
thing like C D F H, and to see further that the direction of 
the outgoing ray of light, F H, is quite different from that 
of the continuation or production of the line C D, shown as 
the dotted line D E. It will jsasily be underBtood that, by 
mabiTig use of this property of eertain forms of transparent 
bodies of bending rays of light, we hare a great power. We 
shall go on to show how this power may be made uee of in the 
omatmetion of what is known as a lens. 




We have only to imagine two prisms F E G, H F (i placed 
liaee to base, imd to imagine two rays of light A B and 
C D to impinge on these prisms ; when, if we follow the 




Fig. 5. 
. that these rays must take, we shall lind that they 
meet at K. We may further suppose the prism bent into a 
cirde, so ae to be in section and plan as shown in the sketch 



24 



PHOTOGRAPHIC OPTICS. 



(Fig, 5); we should then find that all rays falling on a circle 
of the disk, concentric with the circumference — as shown by 
the dotted line — will be brought to meet together at one point, 
but that those reaching the disk in circles nearer the center 
will meet together at points nearer the disk ; those reaching in 
it circles farther from the center, farther from the disk. This 
is shown by the rays G H, I J meeting at N, those E F, K L 
meeting at O. 

We have, however, only to give the surface of our disk of 
glass certain curvatures, when we may have all the rays meet- 
ing at a point, as shown in the next cut. We have now got a 




Fig. 6. 

lens of the simplest form, a piece of glass which has the prop- 
erty of bringing all parallel rays which fall on it to a point. 

I have talked here of the surfaces as curved without speci- 
fying any particular curve, and I may say that the curves 
necessary to cause rays to meet at a mathematical point are 
such as can scarcely be employed in practice ; that practically 




Fro. 7. 



the curves are generally spherical, and that, with spherical 
curves, the rays are only brought approximately to a point. 
This subject will be specially treated further on, under the 
heading of ^'spherical al)erration.'' 
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All lenses do not cause rays of light to meet together. 
There is, on the contrary, a class of lens that causes them to 
separate. This form of lens is illustrated in Fig. 7 — or 
rather one of the many forms which a dispersing lens may 
take is illustrated. 

The point at which, in the case of the first form of lens, the 
rays of light meet is called the focus. The dispersing lens is 
said to be of negative focus, tlie negative focus point being 
that where the outgoing rays produced (as shown by the 
dotted lines in the cut) meet. 

All lenses may be classified under one or other of the head- 
ings " condensing " or " dispersing." There are various forms, 
the most commonly used of which are shown here. 

Fig. 8 shows a set of converging lenses, Fig. 9 a set of 
dispersing. These dijBEerent forms of lenses are designated by 



Fig. 8. 






Fig. 9. 



various names, as double convex, plano-convex, convexo-piano, 
and so forth. When compound words are used the first of 
the two designates the surface that the light first reaches. 

When the surfaces are both curved, and the centers of curv- 
ature of both surfaces are on the same side of the lens — as is 
the case with both the last two lenses in both Fig. 8 and Fig. 
9, the lens is called a meniscus. 

We must now go back to a consideration of the simple 
prism, and of the fact of which, for the sake of simplicity, we 
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made no remark before, namely, that a ray of white li^t is 
composed of rays of light of all the colors of the rainbow, that 
on passing through the prism these rays are all bent, bnt are 
not bent to the same degree, some suflEering a greater deviation 
from the original direction than others. This may certainly 
be said to be a fortunate fact, inasmuch as the whole science 
of spectroscopy depends on it ; an unfortunate fact, inaBmuch 
as it complicates the structure of almost every optical instm- 
ment except the spectroscope. 

The annexed cut shows the way in which light is q>lit np 
into the colors violet, blue, green, yellow, orange, and red. 
The first mentioned of these is bent the most, the last the 
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least, and it is common to speak of the rays causing the coIcotb 
at the violet end of the row as the " more refrangible," those 
at the other as the "less refrangible." If a lens be now 
considered it will at once be perceived that there must be a 
similar splitting up of light by it, and that in place of parallel 
rays being brought to meet at a point, they will be brought to 
meet at a series of points, the violet light nearer the lens than 




Fig. 11. 



the other colors, the red being the farthest away. Fig. 11 will 
serve to explain what is meant. 

Newton, with a rashness which was not in keeping with his 
usual caution, declared the defect to be irremediable, but a 
remedy at least nearly complete was found for it when it was 
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dtsoovered tliat Klthongh all transparent bodiea disperBO li^ht 
as well ae refract it, all do not dispene and refract in the same 
]woportion. ThnB some kinde of glaee which refract or bend 
an arerage ray of light to a conaidcrable degree, disperse it to 
bat a small d^ree, and vice versa. It is, therefore, possible 
by Tieiiig a glasB of great dispersing power, but little refracting 
power, in combination with one of great refracting and little 
dispersing power, to bend a ray of light withont splitting it 
up into its component colors, or more strictly speaking, to 
reoompose the decomposed light without altogether altering 
its direction. 

The next cut shows (in an exaggerated fashion) the action 
of two prisQU, one with great refracting and small dispersing 




Fig. 1!. 
wwet, the other with great disperaiug and small refracting 
"ttit next figtfe will, it is hoped, malte clear how two such 



B, being united, may reenlt in what is called achromatiem. 
^Rw woid means, ethnologically, simply " no color." In optics 
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it always applies to the bending of a ray of light witliout 
decomposing it into various colors. 

Flint glass has, proportionately, much more dispersing 
power, as compared with refracting power, than has crown 
glass. The correction of the dispersion given by a crown 
glass prism can therefore be effected by that of a flint glass 
without strengthening the ray of light. We have only to 
apply the same principle in the case of lenses, placing a 
dispersing flint lens behind a condensing crown glass lens, 





Fig. 14. 

when we correct the defects due to the breaking up of white 
light into various colors. I show here several methods of 
applying the principle. 

In each case the concave or dispersing lens is of flint glass, 
and is used solely to counteract the dispersion of the other 
lens. It will be seen that in the case of the third illustration 
there are in fact three lenses. The principle, however, is the 
same as where there are but two. It may be considered that 
the crown lens is split in two, certain advantages arising from 
this arrangement. 

It should be said here that there is no such thing as abso- 
lutely perfect achromatization, there being always what is 
termed a small "residual spectrum." It may, however, be 
taken that, so far as photography is concerned, it is easy to 
obtain such approximation to achromatism as is necessary. 



CHAPTER IV. 

The Foskation of the Ihaqe in the Photogkaphio Cahkba 
— Photoobaphic Lemseb. 

We now come to condder tlie way in which the image ie 
actually formed by the lena ia the photographic camera. 

It is a very old experiment to make a small hole in the 
Bhatter of a darkened room, and to place opposite to this hole, 
and at some distance from it, a sheet or any other white screen, 
"when an image — somewhat blurred, but still recognizable — of 
whatever ecene may be outside the window is obtained. The 
image is formed by light passing from all points of the object 
through the hole in the shutter and falling on the screen. 
The blnrring is due to the fact that the light coming from a 
point reaches the screen as a disk at least as large as the hole. 
"We may stop down or decrease the size of the bole, but the 
result is, that whilst we increase the definition or sharpness of 




the image, we lose brightness, because wo cut down the amount 
of light. It is here that the lens comes in. The function of a 
converging lens is, as has been explained, to cause parallel rays 
to come together at a point. It will perform the same func- 
tion for slightly divergent rays. We have then merely to 
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place in the hole in the shatter a lens of sach form that it will i 
cause the rays which fall on it from the scene ontside to con- 
verge to points on the plane of the screen, when we get a 
sharp image, even if we greatly increase the size of our 
opening. 

The action of the lens is here indicated by a sketch. 




Fig. 16. 

I have here, for the sake of simplicity, shown a doable- 
convex lens without correction for chromatic aberration or for 
any other defects, and, as a matter of fact, even such a lens 
will give, with a considerable aperture, a better image as 
regards definition than will be got with quite a small aperture 
without a lens. It will, however, give nothing like the defini- 
tion needed in photography, and is defective in many ways. 
The whole science of photographic lens-making consists in 
doing the most possible to overcome the defects inherent in a 
lens such as that shown. I say the " most possible," because 
to overcome them entirely is not possible, for the reason that 
a complete correction of one defect would generally lead to 
the increase of others. As a consequence, the whole thing 
has to be a compromise. The errors are compromised in 
various ways ; hence, various forms of lenses. The dijBEerent 
forms are for the most part adaptable to different uses, because, 
in certain cases, some particular fault is less tolerable than in 
others, and may be allowed to exist in order to get rid of other 
faults which might be, in that particular case, entirely damn- 
ing. To take an example. The requirements in a lens to 
take a portrait are quite different from those in one for land- 
scapes. In the former case, if the instrument gives the head 
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and the principal parts of the figure sharp, the rest may be 
more or less in poor definition, or blurred; but we require 
great rapidity of action. In the case of the latter, we need 
sharp definition everywhere, but rapidity is not of consequence. 
Again, in the case of architectural work, no distortion is allow- 
able, or straight lines will be shown as curved lines. In pure 
landscape work, where there are no straight lines, a little dis- 
tortion is quite imperceptible, and a simple form of lens having 
certain advantages of its own may be used. 

As photographic lenses are, in practice, constructed to com- 
pound for certain defects, so as to make each form of lens 
adaptable to certain uses, it is necessary, before going farther, 
to say a few words on such defects, and to explmn terms com- 
monly used in speaking of lenses. 

A lens is, strictly speaking, a single piece of a transparent 
substance fashioned into one of certain forms, as described in 
the last chapter ; but in photography the term is used both in 
this sense and as describing an arrangement of several such 
lenses — often four or even more — as will be presently illus- 
trated. Indeed, the way in which this term and some others 
are used is very puzzling, and often leads to confusion. Thus 
we have the word used in the two senses just given. Then 
again a " single lens " generally means two, sometimes three 
lenses cemented together. The same arrangement is often 
described as a " combination," no that a ** single lens '' and a 
" combination " may mean the same thing. The word '• com- 
bination " also describes any arrangement of lenses very close 
together in one cell — whether they are cemented one to the 
other or not. A more correct terra U " element." 

The focal length of a lens L^, roughly speaking, the distance 
between the lens and the plane where a sharp image is 
obtained. More correctly speaking, it is the distance between 
the point through which pass lines joining points in a distant 
object, and corresponding points of the image of that object, 
and the plane where parallel rays are brought to a focus. 
Farther on, various ways will be dc^rril^d of practieaDy 
measuring the foci of lenses. 

The terms "equivalent fo<;us " and •' back focus" are very 
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frequently heard. Equivalent focus really simply means focal 
length. It is applied to compound lenses in which a direct 
measurement from one of the elements cannot be made. The 
idea conveyed is that this is the focal length of an " equiva- 
lent" lens— one giving the same size of image, etc. — of the 
form of a small double convex glass. In such a lens the meas- 
urement may be from the center of the glass. 

The term " back focus " means only the distance between 
the back combination or element and the ground glass when a 
distant object is focused. It is scarcely ever of any moment 
to know it, and, indeed, it would almost seem as if the term 
had been invented by opticians for the sole purpose of hope- 
lessly confusing the uninitiated, already suffering from quite 
sufficient confusion in the matter of lenses. 

The optical center of a lens is the point through which pass 
the axes of pencils of light. It is common to measure the 
focal length from this point, but the practice is not strictly 
correct. 

The aperture of a lens is the diameter of the glasses, or of 
the smallest opening that light has to pass through in the lens. 
It is commonly stated in terms of the focal length thus — /, -^, 
^, these terms meaning apertures one-fourth, one-ninth, and 
one-eleventh of the focal length, whatever they may be. 

Diaphragms or Stops. — In many, or in fact most, lenses the 
light has to pass through an opening smaller in diameter than 
the lenses. This opening is termed the fixed stop. Most 
lenses have, and every lens should have, a series of movable 
disks with round openings of various diameters in them for 
reducing the diameter of the aperture when it is found desir- 
able so to do. These are called diaphragms or stops, although 
the first of the two terms is not a very correct one. 

Spherical Aherration, — If it were possible to make a lens in 
which parallel rays of light were caused to meet at a mathe- 
matical point, such a lens would be devoid of spherical aberra- 
tion. As a matter of fact, certain compound lenses — especially 
telescope objectives of a high class — come very near to perfec- 
tion in this respect ; but, in the case of a simple lens with 
spherical surfaces, the rays by no means all meet at one point 
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— those which impinge on the margin of the lens coming to a 
focus, or meeting, nearer the lens than those passing through 
points near the center. Fig. 17 ilhistrates the condition we 
have described. 




FiG. 17. 

The practical result of the existence of spherical aberration 
to any marked extent in a lens is that it will not give a sharp 
image. One of the uses of stops or diaphragms is to reduce 
spherical aberration, most lenses showing a great amount of 
this defect if worked with the full aperture of the glass. 

Chromatio Aherration has, to all intents and purposes, been 
defined in the last chapter. It is the defect in a lens which 
causes it to bring light of different colors to focus at different 
points. The method of correcting it has also been given. 
Chromatic aberration to quite a marked degree was a very 
common defect with the older forms of photographic objec- 
tives, and it was generally necessary with these to make an 
allowance for it by racking the camera a short distance after 
focusing, or by allowing for the defect in the position given 
to the focusing glass; but modern lenses seldom show the 
defect to any appreciable extent. 

Roundness of Field and Flatness of Field. — In treating 
of the formation of an image at the beginning of the chapter. 




Fig. 18. 

we assumed that a lens will bring rays or pencils of light to 
focus in a plane. As a matter of fact, however, no lens does 
so ; but, on the contrary, every lens brings pencils to a focus 
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on a field more or less curved. A small biconvex lens will 
bring them to focus very nearly on a sphere having the lens 
as center (see illustration). 

One of the objects of making compound lenses is to reduce 
this curvature as much as may be, to make the pencils of light 
— ^as we use a flat plate — come to a focus as nearly as possible 
in a plane. This is never entirely effected, but in some lenses 
there is a pretty close approach to it. The nearer the approach 
the greater the flatness of field. 

Astigmatism is a curious defect that can best be explained 
by supposing a case. We will suppose an object having cross 
lines to be focused — an old-fashioned window-frame, for 
example — the cross-bars near the center of the ground-glaas 
will be shown quite sharp ; those near the edge will appear 
tolerably sharp in one direction, but not in another. For 
example, the vertical bars will appear sharp, the horizontal 
greatly blurred. This is on account of astigmatism, a defect 
to be found in a marked degree, particularly in portrait 
lenses, where an attempt has been made to get greater 
flatness of fleld than is attainable without producing the other 
defect. 

Distortion. — There are some lenses which do not render 
the object of quite the correct shape. Any straight lines 





Outward Distortion. Inward Distortion. 

Fig. 19. 

near the margin of the plate are shown as slightly curved 
lines, unless they are running in the direction of the center 
of the image. There are two kinds of distortion, "out- 
ward " and " inward," or " barrel " and " pincushion." The 
cut illustrates in a greatly exaggerated way the two kinds of 
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distortion, the lines showing the nature of image that will be 
got from a square object. 

There is a greatly exaggerated idea in the minds of most 
photographers as to the evils of distortion. But few lenses 
distort to any appreciable extents-only the single achromatic 
and the orthoscopic, in fact, and then only when a consider- 
able angle of view is included, and when there are long 
straight lines near the margin of the subject. The fact is 
that, as a rule, the exaggerated perspective due to including 
too wide an angle (to be treated of presently) has generally 
been put down to distortion, although it is not really such. 

These remarks apply to general photography. There are 
cases — as, for example, in the copying of plans and maps — 
where even the smallest amount of distortion would be fatal. 

Angie of View. — This is the angle subtended by the view 
which the lens throws on to the plate. It would appear to be 
a simple enough matter to consider, but there are few subjects 
concerning which there is such inextricable confusion in the 
minds of most as of this one of angle of view ; and, indeed, 
the writer finds some diflSculty in making the matter plain. 

The reason of the confusion is that, while it may be said 
that angle of view is entirely a function of the size of the 
plate and of the focal length of the lens, there are "wide 
angle'' and " narrow angle " lenses which may be of the same 
focus. The following facts may first be stated : {a) All lenses 
of the same focal length include the same angle ;* (5) the size 
of plate remaining the same, different angles are included only 
by lenses of diflEerent foci, the shorter the focus f the wider 
the angle included ; {c) the focal length remaining the same, 
the amount of angle included by different lenses can vary only 
by the use of different sized plates — the larger the plate the 
greater the angle included. 

Perhaps I shall make myself clear by taking definite exam- 
ples. We may say, then (a), all lenses of 10 inches focal length 

* This statement is not mathematically correct, if lenses which gfiva distortion be con- 
sidered. It is, however, very nearly so even with them. 

t Strictly speaking, a focus is a point ; but the word is so frequently used to denote 
" focal length "—already described— that I use it in this sense. 
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include the same angle on a plate 10 x 8 inches, whether they 
be called wide or narrow angle, so long as they will cover the 
plate at all ; (b) with a plate 10 x 8 we can only take in greater 
or less angle by using lenses of less or greater focal length 
— a lens of 8 inches focus taking in, for example, a larger 
angle than one of 12 inches, even although the latter might 
be called a "wide-angle lens;" (c) with all lenses of 10 
inches length we can vary the angle only by using larger 
or smaller plates, the larger the plate the greater the angle — 
thus, a lens of 10 inches focus includes a wider angle on a 
12 X 10 inch plate than one on a 10 x 8 inch plate. 

What, then, it may be asked, is the meaning of a " wide- 
angle lens ? " If the question is one purely of focal length 
and size of plate, a lens is wide or narrow angle entirely 
according as it is used. This is quite true in so much that 
any lens includes a wider or narrower angle according to the 
size of plate that it is used with ; but there are many lenses 
which will not cover a plate large in proportion to their focal 
length at all, so that they cannot be used to include a wide 
angle. A wide angle lens is, then, simply one that may be 
used with a plate large in proportion to its focal length. To 
take a definite example, a portrait lens of 7 inches focal 
length will probably not cover a plate 6^ x 4i. If the attempt 
be made with it, it will be found that the corners of the plate 
are not covered at all ; or, at the best, that the definition at 
the comers is very poor. There are, on the other hand, some 
lenses of 7 inches focus which will cover, quite sharply, a 
plate 12 X 10 inches. The former is a narrow angle lens, the 
latter a wide angle. It is impossible to draw any sharp line 
between narrow and wide-angle lenses, but, as a rule, it may 
be said that a lens which will cover a plate whose diagonal 
is equal to the focal length is a lens of moderate angle ; one 
which will, if required, cover a larger plate is one of wide 
angle; one which will not cover a plate so large is one of 
narrow angle. 

Wide-angle lenses are very useful when it is impossible to 
get far away from the object to be photographed — as, for 
example, in much architectural work. They must, of course. 
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for such work, be used with a plate large in proportion to the 
focal length, or — the size of the plate being fixed — a lens of 
comparatively short focus must be used, otherwise, although 
the lens is of the wide-angle form, it will not include a wide 
angla 

When opticians first gave photc^^phers wide-angle lenses, 
these latter inclined to make continual use of them on 
plates as large as they would cover, thereby including very 
wide angles of view; but the results were not satisfactory. 
A sort of exaggerated perspective was produced, objects in 
the picture not appearing to bear proper proportion to one 
another, especially those in the foreground appearing to be 
very large. The defect is not really distortion, but is due to 
taking a picture which, to be seen as a correct representation 
of the subject, would have to be viewed from a point closer to 
it than any one would naturally select. 

It is now becoming daily more evident that it is desirable to 
include only a moderate angle — except in those cases already 
mentioned, where it is not possible to get far enough away 
from the object to do so without losing much that we desire 
to have in the picture. General opinion appears to be in 
favor of lenses of about the focal length of the diagonal of 
the plate for general landscape work, about one and a half 
times the diagonal for portrait work. 

Depth of Focus, — In discussing the property, or various 
properties, of lenses to which the above name lias been given, 
we get on a subject which has perhaps led to more discussion 
and difference of opinion than has almost any other which 
relates to photographic optics. No quite satisfactory definition 
has ever been given of depth of focus, and perhaps none such 
is to be found. I shall, therefore, explain generally what is 
meant by the term. 

The very first time that the photographer focuses any object 
at a moderate distance from the camera he will perceive — if 
the opening of his lens is tolerably large — that when he adjusts 
the distance between the lens and the ground glass so that one 
particular object produces an image quite sharp, objects farther 
from or nearer to the camera produce images which are not 
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sharp. It will be found that if different lenses are used^ 
or if different diameters of stops be tried, the result will be 
that the lack of sharpness of the different objects nearer and 
farther from the camera than that which is sharpest, varies, 
till, with a very small stop, we may have all objects apparently 
quite sharp. This property of making objects at different 
distances from the camera appear equally sharp is called depth 
of focus. The difficulties in the' way of accepting the term as 
one having any precise scientific meaning are as follows : It is, 
in the first place, impossible to make objects at different 
distances from the lens mathematically equally sharp. There 
is always some object which is in the sharpest definition, or 
some position in which, were there an object, it would be in 
the sharpest definition — and objects at all different distances, 
however near the first-mentioned, will be less sharply defined. 
The manner in which the reduction of the size of a stop 
increases the sharpness of the image of objects before or in 
front of the distance of best definition is shown in the accom- 
panying cut. A here is a lens, C is a point of an object whict 




Fig. 20. "^ ., 

will be focused on the plane B D, representing the surface of 
the ground glass when we focus for C. E is the position of a 
point of an object nearer the lens. This point being nearer 
will throw off light which comes to a focus behind the plane 
B D,* say F. On the plane of the ground glass the point E 
will, therefore, be represented by a disk of the diameter of the 
whole pencil of light which has passed through the lens, as 
that pencil strikes the ground glass — that is to say, of the 
diameter represented by xy on the sketch. It is evident that 
by introducing a stop as shown at G we reduce the diameter 



* It is unnecessary to give all details as to -vrliy this is so. Those who hare understood 
the explanations about prisms will readily understand how it is. Those who have not 
understood these explanations can certainly not be made to understand the question at 
present being treated by any further explanation that the writer can give. 
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of the whole pencil of light which passes through the lens, 
both at the lens and anywhere on its course behind the stop. 
We therefore notice it at the plane B D. The reduced pencil 
is shown by the lines k F^ I F. We therefore reduce the 
diameter of the disk that represents the point £ on the ground 
glass. It is, however, quite evident that we cannot reduce it 
to a mathematical point unless we have a stop of no diameter 
at all, which is impossible. We can, however, so far reduce 
it that it (the disk representing the point E) will appear to the 
eye no larger than the point (an actual mathematical point, if 
we leave spherical and chromatic aberration out of the ques- 
tion) representing the point C 

All the arguments that apply to the point E will also apply 
to a point further from the lens than C. For this reason, then 
— ^that although it is impossible to have objects at different 
distances from the lens in equally good focus * we may so far 
reduce the difference that it is not perceptible to the eye — it 
has been proposed to substitute the term depth of definition 
for that of depth of focus. The substitution would be an 
improvement, but tlie latter term has become so genei*ally used, 
and in a loose sort of way understood, that I retain it here. 

Depth of focus varies inversely as the focal length of lenses, 
and inversely as the aperture. It is therefore less the greater 
the focal length, and the greater the aperture. 

Diffusion of focus is a term closely allied to depth of/bcics. 
There is a vast amount of uncertainty as to the precise mean- 
ing, or rather, perhaps, we 'should say, application of the term^ 
mostly arising from the lack of precision in the term depth 
of focus. Again we shall try to get at a general idea of 
the meaning by explaning rather than attempting to define. 
Turning again to the last cut (Fig. 20), and considering that 
whereas the point is represented by an actual point (the 
concessions mentioned above being for the time granted), and 
the point E being represented by a disk of considerable magni- 
tude—in other words, an object at C being shown as perfectly 



* I here leave out of the question the case of two objects, one at such distance behind, 
the other at such distance in front, of the plane of best definition, that they have both the 
same amounts of sharpness. 
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^ sharp, one at £ as considerably lacking sharpness — ^it will be 
evident that the two innst be in very great contrast. If, how- 
ever, we deduct a certain amount from the sharpness of hoth^ 
although we will reduce the definition of both, we shall also 
reduce the contrast^ and the image of an object at E will 
(altho^h actually worse defined than before) look sharper, 
because there is nowhere any absolutely sharp definition to 
show the want up by strong contrast. If the lens A possess 
spherical aberration^ neither of the points C or E will be abso- 
lutely defined ; and therefore the condition will be satisfied, 
for the point which is in worst definition not being thrown 
into strong contrast with another which is in excellent defini- 
tion. An arrangement whereby spherical aberration could be 
produced at will in a lens was, I believe, first suggested by my 
esteemed friend, J. Traill Taylor, and the idea was first put 
into practice by the famous optician Dallmeyer. It is said of 
a lens in which it is possible to produce spherical aberration 
at will that it possesses a diffusion of focus arrangement. 
Such an arrangement is of use only in the cases where it is 
not possible to get depth of focus by the introduction of a 
small stop, as in the case of portrait lenses, where the small 
stop would, in certain circumstances, prolong the exposure to 
too great an extent. 

The dispute about diflPusion of focus is as to whether it does 
or does not actually increase depth of focus. It does not 
actually make any part of an image sharper ; on the contrary, 
it makes every part less sharp ; it therefore, say some, pro- 
duces no increase in the depth of focus. The opponents of 
these, on the other hand, argue that as there is no actual depth 
of focus, as the whole question is one of definition as judged 
by the eye, an arrangement which makes the definition of 
objects at different distances apparently more equal does 
actually increase the depth of focus. The question is in 
reality purely one of terms, and where the terms cannot be 
strictly defined it is idle to argue one way or the other. I 
leave the reader free to take what view of the question he 
likes, a thing which he would probably do whether he were 
left free or not. 
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The rapidity of a lens is the measure of the time of expo- 
sure needed when it is used. Other things being equal, the 
rapidity is inverse as the exposure required. It is directly as 
the amount of light which the lens allows to pass through it. 
I shall have more to say on this subject in another chapter. 

> 




CHAPTEE V. 
On Photogeaphic Lensbs. 

We now come to a consideration of the actual forms of 
lenses used in practice. I illustrate these, briefly describe 
them, and in each case point out what are the particular 
distinguishing qualities of the lens. It is impossible, however, 
as a rule, to go into the question of why any individnal lens 
possesses particular qualities. For example, we cannot here 
discuss in detail why the portrait form of lens permits the use 
of a larger aperture than the " rapid symmetrical," as to do so 
would alone require a treatise involving advanced mathematics. 
The reader must, therefore, take it for granted that the lenses 
do possess the qualities attributed to them, and must — or onght 
to — thank those opticians who have worked out the various 
forms — often at the expense of almost inconceivable labor. 

The Single Achromatic Xeiis, — While discussing the ques- 
tion of chromatic aberration and of achromatism, we gave a. 
cut showing the section of the actual glass portions of three 
difEereut forms of single lens. I now illustrate a single lens as 
mounted. 




The single lens has certain advantages over all others. la 
the first place it is simple, and therefore comparatively cheap. 
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The simplicity also results in the fact that the light has to 
pass through only two surfaces, at which very little of it can 
be reflected — ^there is practically no reflection of light from 
two surfaces of glass cemented together — ^and this results in a 
certain crispness of image greater than can be got by any 
other lens. 

On the other hand, the lens is comparatively slow, includes 
only a moderate angle, and distorts to a certain extent. The 
older forms of single lens were very slow, working with maxi- 
mum apertures as small as ^ and even smaller. They also 
included only very narrow angles. Some considerable time ago 
the construction of single lenses was improved so as to admit 
of a somewhat larger aperture. The two forms are shown in 
the cut intended to illustrate the method of achromatization. 
One optician secured, besides a larger aperture, a wide angle. 
Both lenses worked at about ■{^. Recently the single lens was 
so far improved as to get an aperture of ^ — even with large 
lenses — giving definition good enough for some kinds of work 
(few large heads, for example), and giving good enough defini- 
tion for any kind of work with an aperture of ^. The lens 
made by the first-mentioned optician includes also a consider- 
able angle when desired, and the writer considers both a real 
advance in the matter of lens construction. 

The single lens always gives some distortion of the "barrel'' 
form if the stop be placed in front — as it almost always is — of 
the "pincushion" form if it be placed behind. This distor- 
tion is so slight as to be quite unnoticeable when there are no 
straight lines in the picture near the margin, and in all cases 
when only a narrow angle is included, except the one case of 
copying such things as maps. The writer considers it advis- 
able to use the single lens whenever it is possible to do so ; 
that is to say, when great rapidity is no object ; when it is not 
needed to include a very wide angle, and when a small amount 
of distortion is not of consequence. It may be used for the 
greater part of landscape work, and for portraiture when it 
comes to a case of very large sizes, as then it is impossible to 
use a large aperture, even if the lens possess it, on account of 
the want of depth of focus due to the great focal length that 
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must be used for large portraits. Tlie distortion is by no 
means sncli as to sbow with portraits. 

The Rapid Landscape Type of Lens. — This is the name 
given to a type of lens designed to overcome two of the 
objections that there are made to the single lens — or were at 
any rate at the time when the " rapid " form of lens was 
invented — namely, the slowness and the distortion. The lens 
was the result of the combined work of Drs. Monkhoven and 
Steinheil. We illustrate it here. It will be seen that the lens 
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Fig. 23. 

may be said to resemble two of the lenses of the kind last 
described — the single achromatic I mean, not the special form 
of single achromatic with three lenses that has just been illus- 
trated — placed face to face. Each singly wonld distort, but 
in a direction opposite to the other. The two distortions 
therefore correct one another, and an image absolutely fi«e 
from distortion results. Hence, the names commonly adopted, 
*' rapid rectilinear," " rapid symmetrical," and so on. The 
form, besides giving no distortion, permits of a comparatively 
large aperture, which means increased speed. In fact, a stop 
the whole aperture of the lenses may generally he used. For 
this reason this form of lens is frequently called " aplanatie." 
The aperture common until quite lately was such as -^ to -fj-. 
Of late years, however, although there has been no radical 
change in the form of the lens, improvements in mannfactore 
and in the quality of optical glass obtainable have enabled.the 
aperture to be increased considerably. Thus, Suter, of Basle, 
issues a lens with an aperture greater than ^, and indeed 
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Voigtlander and Dallmeyer, while adhering to the form of 
conBtmctioii, have contrived to increaae tlie aperture to ^, or 
even a little more, thereby hrioging tlie leus under the head 
of portrait lenses — to be presently considered. 

The American Form, of Rapid Landscape Lena. — As lias 
been said, altliongb European opticians have, by care in work- 
manship and by the adoption of denser glass, been able to 
increase the aperture of their rapid landscape lenses, the old 
construction of Steinheil and Honkhoven has, for the most 
part, been adhered to. The only cases that I know of in 
which something entirely new has been struck out are those 
of the late Morrison, in America, who, some years ago, made 
a new departm^ in the construction of lenses, and of Steinheil, 
who has recently constructed a lens entirely different from 
anything that has been in use before. I here illustrate Mor- 
rison's lens. 




It will be seen that the lenses of each combination are- 
separated from each other by some little difference. By this 
arrangement the necessary corrections are gained without the* 
necessity for using the deep curves which are seen in the 
older Steinheil form, and which involved considerable expense 
in glass. 

The writer cannot speak of the performance of the Mor- 
rison lens from personal experience, but as it is vouched for 
"by so good an authority as J. Traill Taylor, he has no doubt it 
is excellent. 



PHOTOGEAPHIO OPTICS. 



The New Steinheil Antiplanatic. — An illnstration of this 
lens IB here giveo. 




It will be seen that the conBtrnetion is qaite different from 
anything that we have yet considered. I have had no great 
opportanity of practically testing this lens, having, in fact, 
only once made a trial of it. It is scarcely fair to judge a lens 
from a single trial made with a single sample, however much 
care be used in the experiments, and I therefore stand ready 
to be corrected when I say that from that trial I could find no 
great advantage in the new over the older fonn of lens by 
the same maker. The maximum aperture was larger, it is 
true (about ^, than that generally given to the older fornis 
of lens by Steinheil himself ; but not larger than that recently 
given by some other opticians, and the field appeared to be 
rounder. 

Uses <^ the Rapid Landscape Types of Lenses. — It may 
probably be said, without much fear of contradiction, that the 
rapid landscape is the best all-round lens that can be got. If 
a photographer can afford to have only one lens, he will 
probably do better to have a rapid landscape than to have 
any other form. The angle included is large enough for 
all except very special cases ; there is a complete absence of 
distortion, and the rapidity is such that instautaneoue work 
may be done with the lens better tlian with any other land- 
scape lens, while it is also well suited to portraiture. For the 
last-mentioned kind of work the more modem lenses, with 
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coneidersble apertures, will of conree be fonnd to be tlie beet. 
Indeed, I do not hesitate to predict that these lenses will, 
before long, all bat oust the portrait lens. 

The JiecHlmear Landscape Lens. — It is probably due to 
the great increase of the practice of pliotography that has 
arisen since the introduction of dry plates that the past few 
years hare been prolific in the production of new forms 
of photographic lenses. Among the most remarkable of 
these is the lene just mentioned above, Tliis lens may be 
described as half-way between the single lens and tlie rapid 
rectilinear. By an inspection of the cut it will be seen that 
although it really consists of two separate lenses, these are 
both at the same side of the diaphragm ; tliat in fact they take 




the place of the single combination in the " single landscape 
lens." The lens is useful for all work that a rapid rectilinear 
can be used for with moderate aperture, it gives better mar- 
ginal illumination, and more equal lighting from the center to 
the edges of the plate. It has been claimed for it that it has 
the advantages of the old form of single lens, throwing a 
smaller amount of reflected light into the camera. This is a 
claim that the present writer cannot admit, as he has already 
explained. The angle included is moderate, but is sufficient 
for most work where a very wide angle does not need to be 
included. The lens can be specially recommended for copying. 
Wide Angle ZeTwaj.— The term "wide angle" has been 
applied to some modem forms of single lenses because these 
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include a eonaiderable wider angle than was incladed by the 
older forms of single lenses, bnt to these the writer doea not 
here refer. He refers to donble combination forma of lens, 
whereby a very great angle — often as much as 90 degrees on 
the diagonal of the plate — may be got. The reader has 
ali-eady been warned against using such lenses to include the 
full angle that they will lake in, except in snch cases as is 
nnaroidable, the result being a false perspective. 

In England there have been practically only two forms of 
wide angle lens in use daring many years. The first of these 
is the Dallmeyer form, which is illustrated here. 




Fig. 26. 



It will be seen that there is great similarity between it and 
the rapid symmetrical form of lens, the chief difference being 
that the combinations are placed closer together in the wide 
angle form. 

The next lens that I illustrate is Ross's portable symmet- 
rical. In this certain corrections are secured by thickening the 
glass. The lenses are of comparatively small diameter, hence 
the term "portable." They are, moreover, eo constructed 
that a number of them will screw into the same flange. 
These facts make the portable symmetrical one of the most 
popular lenses in England for general landscape work, the lens 
for such work being used to cover a plate much smaller than 
the lai^est it will cover. Thus a portable symmetrical of 10 
inch focus which will cover a plate 13 x 11 inches makes a 
capital lens for ordinary work on any plate from 6^ x 4$ to 
8J x 6i. 
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These leaaes — and, indeed, nearly all wide-angle reetilinear 
lenses — are partionlarly well adapted for working as a aeries, 
or, as it is commonly said, as a " battery," by which is meant 
that their form is snch that, working any particular size of 




plate, it is easy to take ont a set of three or fonr of such 
lenses as will permit any angle to be included that may be 
desired. As an example, for a whole plate (8i x 6J) a 
battery of so-called "wide-angle" lenses might consist of fonr 
of the following focal lengths, 6 inches, 8 iuchee, 10 inches, 
13 inches. 

We next come to the wide-angle lens of Morrison, which I 
illtiBtrste. It will he seen that the inventor has, with charac- 




teristic boldnees, departed entirely from all common forms, 
inasmnch as one element of the lens is without ochromatiza- 
lion at all. Presumably the other is over-corrected. The 
■writer has not had practice experience of this lens, but again 
takes the word of Mr. Taylor, who prononnces its perform- 
ance excellent. 
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Utet of Wide-Angle Lennee. — I have already spoben of the 
objection to the use of wide-angle lensea to iQcIade all the 
angle they will include except when it is unavoidable, I 
should add that when they are so used it is always neeesBary 
to insert a small stop, and that therefore the lenses are slow. 

For ordinary landscape work any of the forms of wide-angle 
lens described is excellent if it be used for a plate of moderate 
size only, so that but a moderate angle is included. They all 
have the advantage that they give no distortion, even when 
the widest angle ia included. For this reason they are 
particularly well adapted to architectural wort. The maxi- 
mum aperture of wide angle lenses is, as a rule, about -^ ; 
they mast, therefore, be ranked as slow lenses. Indeai, 
modem single lenses have shot ahead of them in the matter 
of rapidity. 

The Portrait Lens. — This lens may be considered to be in 
great measnre the crowning triumph of the photographic 
optician. It is true that in the present day it is of compara- 
tively little use, but this does not make the credit of having 
worked it out when it was a great desideratum the less. 

The object in the portrait lens has been to get the greatest 
rapidity possible. Other qualities have certainly to some 
extent been sacrificed to this one of rapidity, but still it is a 
lena wonderfully well adapted for the purpose for which it 
was designed — namely, the production of portraits pure and 
simple on films which, according to our modem ideas, were 
very slow. With an enormous aperture, the portrait lena 
gives definition of a very high quality on a small plate. The 
angle included is small — full aperture being used, and fine 
definition being required to the edge of the plate — very small, 
indeed. Still, this is not altogether a disadvantage, as a 
quality has some use which restrains photographers in their 
tendency to include too wide an angle in portraiture — in other 
words, to use lenses of too short focus. The greatest defect 
in the portrait lens is the want of depth of focus, a defect 
which a consideration of what we have said under the head of 
depth of focus will be seen to be inherent to a lena with a very 
large aperture. 
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The lens illustrated here is the Petzval form of portrait 
lens, which was. until '[iiite recently — unless we consider Dall- 



^^■^meyer's diffusion of focus lens, to be hereafter described — the 
instrument nniversallj used for portraitiire. 

DdV/mey&r's Diff'uaion of Focus Portrait Lena. — The use 
of difuaion of focus has been so far pointed out under that 
heading that it is enough here to further point out that it is 





B likely to be of use in the case of the portrait lens than in 
ihat of any other, and to illustrate the very ingenious arrange- 
ment whereby Dallmeyer has contrived to construct a lens in 
irhich it is optional to have it or not. 
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It will be seen that in this lena the positions of the two 
glasses fonning tlie pot^terior element or combination is 
reversed. Further than this, they are so arranged that the 
posterior lens can have its position, with regard to the other 
of the posterior element, altered without disturbing the rest of 
the instrument. The adjustment is made by screwing the 
lens backwards or forwards. "When it is screwed home as far 
as it will go, spherical aberration is reduced to a minimum ; as 
it is unscrewed spherical aberration in increased tiU the desired 
degree of " diffusion " is obtained. 

The Neui SteinheU Portrait Lens. — Recently Steinheil 
introduced a portrait lens which is as great a departure from 
anything that had been done before as is his rapid landscape 
lens, I here give an illustration of this lens. 

The writer has himself had no experience of the working of 
this lens ; he has, however, heard it well spoken of. The fol- 
lowing is what Debenham says of it : "A-stigmatism has been 
wonderfully got rid of, but there is an amount of curvature 
of field which renders it nnfit for working on a large field, for 




\ 



which, however, it is not intended. The construction of the 
letis is ench that the illumination of the plate is more even 
than with the ordinary form of portrait lens." 

VoiffHandsr'a and Dallmeyer's New Portrait Zens. — This 
lens, which was introduced as lately as the end of 1886, has 
already been mentioned. It is simply a lens of the type of 
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the common rapid symmetrical or rapid rectilinear — Steinheil's 
old aplanatic, in fact — but with the aperture greatly increased. 
This involves no new principle, but is nevertheless a great 
triumph of optical skill. It is unnecessary to illustrate the 
lens here, as the general form of it will be gathered by look- 
ing at the cut, showing the lenses just mentioned. 

The chief advantages of the lens over those of the Petzval 
form is that the back combination being cemented as well as 
the front, there are two fewer reflecting surfaces. It may be 
weU here to point out that the disadvantage of reflecting sur- 
faces does not lie in the actual loss of light, which is trifling, 
but in the fact that a part of the liglit so lost is thrown into 
the camera in the form of diffused light, tending to reduce 
the crispness of the image, if not actually to produce fog, also 
distinctly reducing the latitude of exposure. A portion of all 
light reflected from all surfaces except the flrst which the 
light strikes is re-reflected from all surfaces anterior to that 
fiurface, and finds its way — or part of it does — ^into the camera 
in the form of diffused light. 

The Uses of tlie Port/rait Lena. — The portrait lens should 
only be used where shortness of exposure is the first object. 
Its usefulness has naturally been reduced as films have become 
more rapid, and still more as the rapidity of the landscape 
form of lens has been increased, till it may be said that the 
portrait lens has almost ceased to be a necessity for any kind 
of work; specially is this to be said of large sized lenses. 
With these the depth of focus, if full aperture be used, is so 
slight that they can scarcely be used except with a stop which 
makes them as slow as a rapid landscape lens of modern type, 
imd even slower, in which case the landscape lens would be 
found to be a superior instrument. Still there are circum- 
stances in which a moderate sized portrait lens — say one of 12- 
inch focus or so — is very useful. Such a lens is really about 
the largest that can be used with full aperture with any 
freedom. It will serve for plates of any size up to 6^ x 4f , 
and will be found useful in the studio in very dull weather, 
or at all times when portraiture is attempted in an ordinary 
room. 
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It shoald be said that there are caaea where a pOTtrait lens 
may be tiaef al for instantaDeooa work. For moat instantane- 
oua work rapid landacape leDsee are qnite rapid enough, bat 
tlicro are cases where it ia desirable to give ^instantaneona'' 
exix>sures with dull subjects, or where the exposures have to 
Ih) extraordinarily short. The best example of the latter is 
tlio marvellous work done by Muybridge in photographing 
aiiinmlrt in motion, the exposures being said to be as short 
wohfs V^^^ ^^ * second. For such work the most rapid portrait 
lens will not bo found to be too quick. It will, however, be 
found impossible to use only small plates and short focus 
lenses. Probably for work of the kinds mentioned the best 
Insults will bo got with " lantern size plates " (3J inch by 3J^ 
inch) and a lens of about 6 inches focus. 

The common aperture of the portrait lens is -^j or somewhat 
over. Bpecially rapid lenses have been made with apertures 
nearly as great as /. I am not aware that this aperture has 
actually been reached, but there could be little doubt that, 
were opticians of the present day to set their minds on such a 
lens, it could be produced. The time has, however, passed 
when it would be of any use. 

The Group or Univeraal Lens. — A lens of the portrait 
form, but of about half the rapidity of the ordinary portrait 
lens, has been greatly used, whore a lens of rapidity between, 
the portrait and the rapid landscape was desired. It was sold 
\inder such names as the above. Since the recent increase in 
the rapidity of rapid landscape lenses, the group lens has in 
great measure lost its place as a really useful instrument, and 
it will probably before long become obsolete. 

Tho Uae of One of the Combinations of a DauiUi Zens. — 
In the case of most of the lenses of the "rapid" or "wide 
anglfe " type, either the back or the front combination may- 
be used alone, the other being increased, where a single lens 
of long focus will be of use, where the lens is "symmet- 
rical " in the sense of having the two combinations similar, 
the focal length of one combination will be about twice that 
of the two. As the combinations of a doublet are not spe- 
cially constructed to be used as single lenses, it is generally 



OSnJdttr Firm* ■^ td»ta^ — ^T^iew w* sutatv ji>em» rf )iaM« 

voc iELvaBnL Tbtj b&Tv Smq saj««rs«tie^ S(y«w» T^itA- 
pa^anmm w iaSenor »> ihu lof iik>3««i Voim* ^ *mm 
tcqiMCk. MoA of d«a amveh- i«i]iui« ik«x« iM««v Tbn<r 
•ze two fosBK. ^TCW'. of viuch MOHlhinie jIh'vIj W «Iu£ :; 
these are &cqaait!T to he poK^hw«J stf«vt»i)-j:kMMl^ *»5 x«(^ 
Swm^. Tbe pboCognplker who cannot ^^aI «ty<MMi:Ny> 
\EtmBt vtD <rften foA a moet useful utttraawut )» v«« >'>i' l-^MV- 
if it be bj s jEotxl maker. ^ 

U^ f^tAoKvptf.— This lens is tbtt twin t>>iv4))iNr v4 ^ 
Petznl pwtnit lens, having been invontMl %\ ill* «mm^ i£«w 
'bv the nine dietingtUEhed ecienli«t. It was inT«nw<i| m « l$9M» 




-when the Biogle ftchromatic lens was tlio only ont> tit iiM> i«f 
landscapes. It gave a considerably iucraoseil apurtnro (alHiiit i-(, 
coDBid^«d beyond the powers of a singlo Ions in tliOM tiaj-*), 
and improred flatness of field. The orthosoopio gm>a divtnr- 
tion of the inward or " pin-cnshion " natnro. Tho lona Iim 
the advantage that the focas being measurod from a iMiint In 
front of the anterior element, a lens of comporatiTuIy long 
focus can be oaed with a camera racking oat to a given 
amount. 
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There are thoae to be found who still predict » great future 
for the orthoscopic, when some modem optician of eminence 
chooses to take it up agun. 

?%« Triplet. — The triplet lens is interesting as the first 
form of non-distorting lens which was at all generally used. 




It ma; be said also to have been the first lens of the "rapid 
landscape " tjpe, as it worked at an aperture of ^, or some- 
thing approachiag that. The performance of this lens is, in 
spite of the drawback of the six refiecting surfaces, excellent. 
The angle included is only moderate, but the definition is of 
the highest order and the field is very flat. There are some 
who, even at this present day, prefer the triplet lens to any 
other for copying. 



CHAPTER VI. 

Measubino the Focus and Apebtube of Lenses — Estima- 
ting THE Rapidity — Testing Lenses. 

Comparing the Rapidity of Lenses. — ^It has already been 
mentioned that the rapidity of a lens is determined by the 
apertare and the focal length. It is, in fact, decided by the 

relation of the former to the latter. Thus, the focal length is 
divided by the aperture, and it is common to state the result 
in the form /, -fg-, ^-^, etc., these expressions meaning that the 
apertures are respectively ^, -j^, and -^ of the focal lengths. 
TTie relative rapidities are directly as the squares of their 
fractions ; the exposv/res required a/re dvreod/y as the squa/res 
of the devt^miinations. 

Thus squaring the fractions, the rapidities of the lenses 
represented by them will be relatively tVj too> 4iT- ^° prac- 
tice, however, it is customary, in comparing lenses, to compare 
the exposures required by them rather than the relative rapid- 
ity. The exposures required by our three hypothetical aper- 
tures, whether they belong to the same or to diflEerent lenses, 
will be in the square of the denominators of the fractions, 
namely as 16, 100, and 484, or dividing all by 16, and leaving 
fractional parts out of consideration as 1, 6, and 30. To put 
this result in words, if we have three lenses with apertures 
respectively one-fourth, one-tenth, and one twenty-second of 
the focal length, or if the same lens have three different stops 
of these apertures, the exposures required for the second and 
third apertures will be respectively six and thirty seconds if 
that for the first is one second. 

Some years ago, the Photographic Society of Great Britain 
proposed that a certain angular aperture of lens (aperture in 
terms of focal length) should be taken as a standard, and that 
all other apertures should be compared with this, the other 
apertures having attached to them figures representing the 
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expoanre that would be required with them, when that 
required with the standard or unit was 1. Thus a stop requir- 
ing twice the exposure of the standard would be numbered 2, 
one requiring three times 3, and so on. 

The standard taken was ■'. This was called No. 1, and it 
waa advised that stops be cut to such diameters that each one 
would need twice the exposure of that which went before it. 
The numbere would then run : I, 2, 4, 8, 16, 32, 64, 128, 
256, etc., and these numbers are generally termed the U. S. 
number or " universal standard" numbers. Thus if we speak 
of a stop as No. 8. U. S,, we mean that it is a stop with which 
will be needed eight times as long an exposure as with a lens 
working at ■''. 

The diameter of No. 1 aperture for any lens is got simply 
by dividing the focal length by 4. That of No. 2 stop ie got 
by dividing the diameter of No, 1 by y/ 2, or by dividing the 
focal length by 4 X y/ 2, whicli is 5.657. These two diameters 
having been decided, those of the stops Nob. 4, 8, 16, etc., are 
easily got, No. 4 needing simply half the diameter of No. 1, 
No. 5 half the diameter of No. 2, and so on. If a lens has 
not so large an aperture as {, there is of course no aperture as 
large as No. 1, and the numbers begin at whichever of the stand- 
ard apertures happens to coincide with that of the lens. Thus 
rapid landscape lenses generally have a maximum aperture of 
No. 4. What are called group lenses (really slow portrait 
lenses) No. 2, with angle lenses No. 16, ete. Some lenses 
have maximum apertures larger than No. 1. These are repre- 
sented by fractions as No. i, etc. 

It does not by any means always happen that the maximum 
aperture of a lens coincides with any of tlie standard numbers. 
In such case it is inadvisable to lose any of the available speed 
of the lens by reducing the aperture by a fixed stop merely to 
make the full aperture representablo by a whole number, and 
a special number is got by squaring the denominator of the 
fraction representing the aperture in terms of the focal length, 
and dividing by 16. Thus if a lens have a maximum aperture 
of {, we take 4| ^ f [^ ^ 1.563. We would in this case 
stamp on the mount of the lens 1.562, expressing the fact that 
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with this lens 1^3 times as much exposure was needed as 
with one woridng at {, or about half as long again. 

Beoentty Mr. DaQmeyer has suggested that the gtandard { 

fihoold be refdaced bj that -~y~. The resolt of the adoption 

of this stmndard would be to simplify some calculations in con* 
necti<m widi lenses, and to complicate others. The writer is 
not prepazed to aaj iriiether the general result would be com- 
plication or fiin]^ifieation, but he has little hesitation in 
expresBing the opinion that any dig^t simpUfi/»ti/m tf*at 
mig^t arise from adopdng the proposed new syttem w/>nM hy 
no means compensate for the disadvantage fuiMtiff fe^/ra titA 
disturbanee of a syrtem wbxk ham ^inoAj taiK& ^^imn^%k,ii^ 
hcAA with the piioloerspiue pabGe. 

Metmwrimg ike Fo^ Lat^ of Lmm»y-lr/im^'JUaJ,nM, 
bef OTe we cam enor oa aay ^ ?bi( "fafeffkcMui pi^. ^j^3itfi:rjjd\.^ 
we mnst haiTe aone way ^f Twasirnag *2^ i>^ ja;^^. a^^ 
apertures €fi\tMmtL^ 

die caae <Amm^ \aumm.^s^'JtiSbaa^ ivr*u« ^A r^x '.^iy^MgK 
dodale OBB&cBS&^/L wiot tf^j^ ^^cam^ -^ i^^J^. 
to prgeeed m i^BLJifw^ : JL ^s^'MT ^x^j^^^ ^^ i.>,*.«*x:— tc*./ 

die mi — IB tie aK: ^ :m: ^au^^ jc^ ""^^ Cic^«w:xfc '.jdi.nkjcL 



win wt te « an s^s'swm; inti. •WMwfe vi-^-fai fwii^ v^ -v^^— 

tlfW&C^>: 4>^^ f>yp,Jli-.eii is X-t* lvi-:-c vf -.%;^^^' 

aeenncy. '^ f(#t:al jM'^gt;- ^^ ^^^^^ 

uetw^f^ tjut ^^^ <*'^^ ^t ^-"---a" /— 7 -- ,- 
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ground glass is now measured. This, divided by 4, is the 
equivalent focal length. 

Example. — When we draw out a camera till the image on 
ground glass is equal in size to the object, we find that the 
distance from the object to the ground glass is 32 inches. 
One-quarter of this, or 8 inches, is the equivalent focus. 

The following method may be adopted when the camera 
will not rack out to twice the focal length of the lens. It is 
capable of giving very precise results, but requires a slight 
knowledge of mathematics. 

d = distance from object to ground glass when a near 
object is focused. 

o = length of object focused (preferably a measuring rod). 

i =. length of the image of this rod on the ground glass. 

jF = lesser conjugate focus — ^that is to say, the distance 
between the point where the axes of pencils of light in the 
lens cross each other, and the ground glass when a near object 
is focused. 

y*= equivalent focus, 

o + » 

Example. — A 5-foot rod is focused. The length of the 
image on the ground glass is found to be 6 inches. The dis- 
tance between the rod and the ground glass is found to be 10 
feet 1 inch. 

p ^ 6 ins. X 10 ft. 1 in. __ 6 X 121 726 

5 ft. in. +6 ins. -60 + 6-66""^^ 

r >. 11(12111—) 1210 .^ 

Equivalent focus therefore i= 10 inches. 

The methods just given are quite accurate enough for all 
practical photographic purposes, but even they are not mathe- 
matically precise. The following is a method which is (leav- 
ing out of consideration, of course, manipulative errors in 
measuring, etc.) absolutely correct. 
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An object, such as a foot-mle, is placed in front of the 
camera, and the latter is racked till the image is of precisely 
the same size as the object. The distance of extension of the 
camera ia now carefully noted, and afterwards a distant object 
(say) the snn is focnaed. The. amount that it ia tiecfissary to 
rack in the camera to /ocua this distant object ia th^ preoiea 
focal lenffth. 

Example. — We so adjnst the camera that the image on the 
ground glass of a foot-rule is precisely one foot long. We 
now take the camera and find that we have to rack it in llf 
inches to get the imago of a distant object aharp. The pre- 
cise focal length of the lens is llj inches. Various ways of 
accurately raeasuring the distance that the camera has to be 
racked will suggest themselves to tho reader. 

The following meclianical method, devised by the writer 
some six or seven years ago, is quite accurate. A very 
brightly lighted object is focused. Two conspicuous distant 
objects, one near each end of the ground glass — or at any rate 
at some distance from each other — are observed, and the pre- 
cise distance between them ia measured either by a foot-rule, 
or better, with a pair of dividers. The cells of the lens are 
now unscrewed, and into the diaphragm slit is inserted a dia- 
phragm with an opening of about -^ of an inch diameter, or 
in the ease of short focus lenses even less than this may be 
made for the purpose of blackened cardboard. An image 
will be got on the ground glass, which will certainly not be 
very brilliant, but will permit of the measurement of the dis- 
tance of the two objects. The lens tube is racked in or out 
till this distance is precisely what it was before the lenses 
were unscrewed. The distance between the temporary dia- 
phi"agm and the ground glass is the focal length of tlie lens. 

To Measure the Aperture of a Lena. — For most practical 
purposes it is sufficiently accurate to measure, for maximum 
apertures, the fixed stop; if this be smaller in diameter than 
any of tho combinations, to measure the diameter of the closer 
opening of the smallest combination if tiiis be smaller than 
any fixed stop ; for other apertures the actual diameter of the 
stops. 



I 
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Theee measurements are, indeed, strictly accurate in the 
following cases: In that of the single lens, when the diameter 
of the stop is the precise aperture, and in lenses of the rapid 
landscape or portrait type, where the fixed stop is as large 
as the front lens, and when this latter is not larger than the 
back conibinationB, In this case the diameter of the front 
lens is the precise aperture. 

In other eases, if we want to be strictly accurate, allowance 
must be made for the condensation of the light by the first 
combination, in estimating the diameters of apertures — that is 
to say, for the purpose of comparing exposurefi. Of course in 
the merely mechanical sense the aperture is always the pre- 
cise diameter of the stop. To explain. If a portrait lens 
having inserted a stop 1 inch in diameter, the aperture of the 
lens IB in a mechanical sense precisely 1 inch ; but for the pur- 
pose of comparing exposures, we must take into consideration 
the fact that before the light has reached the stop it has been 
Tery considerably condensed by the front combination, and 
that, therefore, the stop lets through more light than it would 
were it in front of the lens, and is, in fact, equivalent to s 
stop of somewhat more than 1 inch in diameter. 

There are two methods of making the necessary allowance 
— one a mechanical, the other a mathematical. We give the 
mechanical method first. 

A distant object is focused, and, without changing the 
adjustment of the camera, the ground glass is replaced by s 
piece of cardboard with a sruall hole, little larger than a pin- 
bole, in tlie middle of it. The camera is then carried into a 
dark room, A little powder is " puffed " on to the face of the 
front lens, and a lighted candle is held behind the hole in the 
cardboard. There will now appear a circle of light on the 
surface of the front lens. This surface is somewhat lareer 
than the atop, and is the value of its diameter, after allowing 
for the converging effect of the front lens. 

The mathematical plan is as follows : 

d = Actual diameter of stop. 

D := Aperture value {i. e., the diameter after allowing for 
the condensation of the light by the front lens). 



d 
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/= Focns of front combinations. 

^ = Distance between the plane of stop and the center of 
the first combination (by center is meant half-way between 
tLe anterior and posterior surfaces). 

f-i f 

Example. — ^We have a portrait lens of 13 inches equivalent 
focus. We find that the focal length of the front combination 
is 20 inches. The distance between the center of the front 
combination and the plane of the stops is 3 inches. We want 
to know the value of a stop of 2 inches actual diameter, and 
also to find what actual diameter we should give to a stop to 
have a value of Z\ inches, so as to stand for No. 1 or / of the 
lens. 

In the first case — 
rf = 2 inches, 
y z= 20 inches. 
Z = 3 inches. 

Therefore — 

D = 2 X — ^ = 2 X ^ = 2*358 = 21 inches, very nearly. 

That is to say, we give to the stop of 2 inches in diameter the 
value of one 2| inches diameter. 

. It is to be observed that if this estimation ever give a 
diameter larger than the front combination of any lens of the 
symmetrical type, it means that the stop is not of any use, and 
that the actual maximum aperture is the diameter of the front 
element. 

In the second case — 

F = 3i inches. 

y =: 20 inches. 

Z = 3 inches. 

Therefore — 

20-3 17 

or = 8i X -gQ- = 3.25 X-20 = 3.762 

= the smallest trifle over 2J inches. We shall, therefore, in 
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the case of one portrait lens of 13 inches focal length, make 
the No. 1 stop not 3i inches diameter, but 2f inches. 

If it be desired to cut the stops with great precision, using 
a table of the diameters of TJ. S. stops for different focal 
lengtba, sach as I give in my "Modem Photography," it will 
be necessary to make a correction for each one in the manner 
juat described — practically only for the first two, as all others 
can be got by dividing each of the corrected results by 2, 4, 
and 60 on. But probably an easier way will be to asaauie a 
shorter focus, and to look up in the tables the stops, as if they 
were for a lens of this shorter focus. The method of making 
the necessary allowance is as foUowB : 

F ^: The equivalent focus of the lens. 

f ^= The focus of the front combination. 

I =: The distance between the center of the front combina- 
tion and the plane of the stop. 

A := Assumed focus. 



= F X 



Mcample. — In the actual case that we have supposed, of a 
lens of 13 inches equivalent focus, whose front combination is 
of 20 inches focue, and in which the distance between the 
plane of the stop and the center of the front combination is 3 



= 11.05 



or we may say 11 inches. 

We shall therefore cut our stops as for a lens of 11 inches 
focus in place of one of 13 inches. 

Testing Lenses. — To perform & thorough test of a lens, to 
be able by examining it to say at once what is its standard of 
excellence, and, if it have faults, what precisely these faults 
are, is a thing requiring great skill, much practice, and some 
knowledge of optics ; but no very great practice is needed to 
judge fairly well of the properties of a lens, and it is of great 
importance that the photographer should be able to do so, 
especially if he have a tendency to pick up second-hand 
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lenBCB. Leneea offered second-hand by all except recognized 
dealers in photographic goods are, for the most, mbbiBh ; bnt 
if the photographer know how to tell a good lene from a bad, 
he may occasionally pick np an excellent instrument for a 
mere trifle. 

We shall give first a few teste, of which it may be said that 
if any one of them give an unsatisfactory result, the leua 
ahoold be at once condemned. We shall tJteo give the method 
of comparing two lenses. It ia only bj comparing a number 
of lenses with each other that the photographer can learn how 
Actaally to judge of a lena, as till he liaa made such compari- 
sons be cannot be expected to know what to look out for. 

Focus. — The first thing is to discover roughly the focal 
length of the lens. The methods of doing this have already 



Aperture. — After the focal length hae been determined, it 
ie necessary to observe the maximum aperture of the lens, as 
probably two out of three lenses offered for sale, say, by 
pawnbrokers, may be condemned on this point alone. In 
describing different forms of lenses I have given for each form 
the maiimnin aperture at which the lena can be expected to 
work. If a lens ie offered for sale with an aperture muoh 
vndffr this it may be asxumed at once that the lens ia defective, 
the aperture having been reduced to hide the defect — prob- 
ably imperfect correction for spherical aberration — so far as 
possible. For example, a portrait lens with actual lenses of 
aperture ^, but with a fixed stop reducing this aperture to jf 
or ■'', may at onco be rejected. The same may be said of a 
" rapid landscape " lens with aperture reduced by a fixed stop 
to rr or ^^. 

Definition. — The next step is to teat the defining power of 
the lens with full aperture. A camera with very hue ground 
glass should be used, and the image ahonld be magnified with 
one of the eyepieces commonly used for focusing. Some 
clearly defined object is selected — a steeple clock is an excel- 
lent one if the disk be of a light color. This is focused in the 
center of the plate. The image should appear quite sharp 
I under the magnifier. At the maximum apertures mentioned 
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in the laet chapter, a lene is at once to be condemned if it 
show any -want of aharpuese in the center of the plate ; to be 
Btrictly correct, I should say in the axis of the lens under the 
ordinary focusing magnifier. A really good lens will show no 
falling ofE under a magnifying power ten times that of the 
eyepiece commonly used by photographers. 

Correction, for Chemical Rays. — The lens having proved 
satisfactory in the two points just mentioned, we may proceed 
to test it for the coincidence of chemical and visual focua. It 
may be here mentioned that appreciable want of this coincid- 
ence is not a very common fault even among second-rate 
lenses of the present day ; but with older lenses, in other 
respects of the very highest quality, it is by no means uncom- 
mon. Indeed, some of the best opticians were, at one time, 
in the habit of purposely leaving an appreciable residuum of 
chromatic aberration, because more perfect correction of cer- 
tain other defects could then be made. It was in those days 
customary to allow for this by either having the plane of the 
plate in the dark slide a little different from that of the ground 
glass, by racking the lens a measured distance after focusing, 
or by introducing during the time of focusing a supplement- 
ary lens of verj- long foctis, so as to shorten the focal length 
of the whole combination by the precise amount due to the 
want of correction. Such things would not be put up with at 
the present day, and a lens which shows want of coincidence 
between chemical and visual focus must at once be condemned. 

The method of testing is as follows : A row of cards, or of 
other similar objects, is placed upright in a line so nearly 
behind each other as is compatible with seeing a number 
written on the top part of each to distinguish it from the 
others. There may be, say, seven cards, with a space of 6 
inches between each two. The camera is placed at a distance 
of, say, 15 feet, and card No. 4, that is to say the central one, 
is carefully focused. A plate is placed in the dark slide, and 
a photograph is taken with full aperture of the lens under 
examination. If, in the photograph, card No. 4 appears the 
sharpest, the result is satisfactory. If, however, a card either 
in front or behind appears to be shai-pest, the lena must be 



PHOTOGBAPHIO OPTICS. 67 

condemned. It is assumed that the ground glass and the 
dark slide are in perfect register. 

To Companre Lenses as Regards Fla4m^s of Fields Ma/r- 
gmcH DefmUionj etc. — We shall suppose that two lenses of 
about equal focus have stood all the tests mentioned, and that 
it is desired to discover which of these is on the whole the 
best Let us suppose them both to be portrait lenses. 

The camera is placed opposite to some object consisting of 
well-defined vertical and horizontal lines. An old-fashioned 
window frame makes an excellent object. Modem plate glass 
window frames show too few lines. 

If the lenses have different maximum angular apertures, 
that which has the largest aperture must be stopped down, so 
as to have the same as the other. The image is made sharp 
in the center of the plate, and the falling off of the definition 
towards the edges is observed, first one lens being used, then 
another. It will probably be found most convenient to take 
a photograph by each lens, and to compare the images. That 
lens which shows the least falling-oif of definition at the 
edge is the best. Should the f alling-off be about equal, but 
in one case be in the form of ordinary blurring, in the other 
in the form of astigmatism, the lens which shows merely blur- 
ring is to be preferred, as the fault can be corrected by the 
use of a small stop, which astigmatism scarcely can. If the 
lenses appear equal as regards falling-off of definition, that 
which has the largest maximum aperture is the best. 

To Test for Distortion. — If it be suspected that a lens gives 
distortion, a weight should be hung with a fine cord, so as to 
get a straight vertical line; the camera should be placed 
opposite to this at some distance, with the length of the 
ground glass vertical, and should be turned till the image of 
the string falls quite on the edge of the plate. A straightedge 
is now applied to the ground glass to discover if the string is 
represented as a straight or as a curved line. If the latter, 
the lens distorts. 

To Measure the Angle Included hy a Lens. — The camera 
used for the purpose must be of such size that the lens cannot 
quite cover the ground glass. The smallest stop is inserted in 
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the lens, a bright distant subject haviog been focased, and the 
diameter of tbe circle which ia illtiminated is taken. As it ia 
eometimes very difficult, with a very wide angle lens and a 
small atop, to see the image of those portions of a landscape 
which iell near the edge of the circle at all, it will probably 
be best to proceed as follows : 

The Buu ia focused on the center of the plate at some time 
when it is pretty near the horison. The smallest atop is 
inserted, and the camera is slowly swiveled till the image of 
the sun disappears. The spot where it was last seen on the 
ground glass ia marked. The camera is now turned in the 
opposite direction, and the spot where the image of the aun 
was laat seen is again luarbed. The distance between the two- 
marks is the diameter of the circle covered. To tell what the 
angle is the following eonstrnction is made: A line, A B, ia 
drawn := the focal length of the lens. At B a line, B D, ia 
erected perpendicular to A B, this line if produced. B D 
and E are each made = radius of the circle. A C and 
A D are joined. The angle, C A D, ia then measured with a 
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protractor or otherwise, and is the angle of the diagonal of the 
largest plate that can be used. To diacover if the lena will 
cover any given size of plate, the circle is drawn out on paper, 
and it is found by actual experiment whether or not the plate 
will come within it. For example, the diameter of the circle 
is 16 inches. It is desired to find if a plate 12 x 10 will come 
within it, the plate is laid on the circle, and it is found that 
it just comes within it. Again, a plate 13 x 11 is tried, when 
it ia found that it does not come within the circle, but that the 
comers project beyond it. 
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If it be wished to discover the angle subtended by the base 
line of the plate — ^the actual angle of view — ^the constraction 
shown in Fig. 32 is repeated, but D is made equal to the 
length of the plate in place of to the diameter of the circle. 
Thus, in the case imagined, it is made 12 inches in place of 
16 inches long. 




Fig. 85. 

It is to be observed that lenses advertised as having an angle 
of view of fully 100 degrees and so forth never have anything 
of the kind. A lens to have such an angle of view would 
require to cover a plate of length about two and a-half times 
that of the focus of the lens. Thus a lens of 5 inchss equiva- 
lent focus would have to cover a plate 12 x 10. An angle of 
about 80 degrees is the largest ever included in practice, if we 
leave out of consideration certain obsolete forms of lens, such 
ss Sutton's water lens. 

To test the definition given near the margin of the circle 
illuminated by a very wide angle lens, it is necessary to make 
a negative of some well-defined subject, in a plane at right 
angle to the axis, and at some distance from the lens, using 
the largest plate that the lens will cover. The image on the 
ground glass is always too dull to judge by. 
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CHAPTER VII. 
The Swino-Baok Optically CorreroEKED. 

Thbdb is probably no adjustment of the camera that affords 
to the beginner eo endless a ronnd of confusion as does the 
Bwing'back. In fact, not only is the beginner confneed by it, 
but the experienced photographer very often does not thor- 
oughly nnderstand the action. So badly are the fnnctions of 
the Bwing-back understood that it would probably be better 
for 99 per cent, of beginners and about 50 per cent, of expe- 
rienced photographers — amateur and professional — to work 
with cameras having no such adjustment. 

Tiio cause of this confusion lies in the fact that the swings 
buck may bo used for either of two purposes, which are quite 
difleront, and in some respects contrary one to the other. The 
ooufueion ie not lessened by the fact tliat in most descriptions 
of tho use of the swing-back one or other of its uses is entirely 
ignored, aTid that, when they are both considered, they are 
inoxtrlcably mixed up together. Farther than this, the use of 
tho riding-front is closely allied to that of the swing-back, and 
Ikdda to the confusion in considering the latter. 

'Hio " awing- back," all i-eadera are presumably aware, is a 
torin indicating an arrangement whereby the part of the 
iwmorn oiirrying tho ground glass can be rotated through a 
tinnll uiiglu, being swung uithor backwards or forwards so as 
to Ihi no longer at right angles to the axis of the lens. This 
ll UiB vertical dwlng; it has the result of placing the top of 
the groiimi glowi fartlior from the lens than the bottom, or 
W<v *vr«t. Thb aide awing is a sitnilar arrangement for put- 
ting onu aUtu or end of the ground glass nearer the lens than 
tlit> olhor, 

Tho rlfttng-fmnt \» aimply an sdjnstment whereby the lens 
inu.v \w raiiHHl i.r vh'preiwi'd without tilting tlie camera. 

rimiv arf mmii' <<ain<>rHti wliioli Iwvc what is called a swing- 
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front as well as a ewing-back. This adjustment is very nsefnl, 
but in reality it amotints in action merely to an extension of 
the rising-front principle. This will be explained a little 
farther on. 

I eliall now explain one of the actions of the swing-back. 
liCt DB suppose that we desire to photograph any object which 
iB 90 high that, keeping our camera horizontal, and the lens in 
the normal position, the top part of the object is not inchided 
on the ground glass, while the upper part of the ground glass 
is filled with foreground which it ia not wished to represent. 

As a mere matter of including the whole of the object, we 
have two courses open to us. We can tip up the camera, or 
we can raise the lens. Fig. S6 shows the first action. If the 




bject have no straight lines in its composition — if it be a tree, 

■ instance — the resnlt may be satisfactory enough if the 

Cpping is not excessive; but if the object be one in which 

^ere are vertical straight lines — if it be a house, for example 

—it will be found that these lines converge. This is dne to 

Sie fact that the plane of the plate is no longer vertical, and 

B following rule must be taken as quite without exception : 

' 'i he desired to render vertical lines in an object as parallel 

'ri a photograph, the plane of the sensitive surface m/ust 



Ve have now two courses open to lis to secure this parallel- 
I of the lines. We may swing the back till it is vertical, 
B shown in Fig, 37 ; or we may raise the front, as shown in 
Fig. 38. It will be seen that both eonrses result in a fulfil- 
ment of the conditions of the rule just given. It is worth 
Lvhile considering for a moment which it is best to adopt. 



la sD fltf Oe ettt, I ban ittetBiNed to shov approximately 
Ae kBOBBt aC "MtatBs^" of the leos that will reenlt from 
tmj adjartMOtt af iba cmmo. A dotted cnrved line shows 
■ppnmmatdj tibe fidd «f dnrpoA foau. It will be tinder- 
I an j w b e ie depaits from the plane 




of &» pUte, the more will eome parts of the subject 
"out of focus,*' uuleES a verr unall stop to be used. It will 
be seen that the curved line departs from the plane of the 
plate much more in Fig. 37 than in Fig. 38, and in fact when 
the back is swung on in Fig. 37. it is often very difficult to 
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get all the subject in tolerable focus, using even a very email 

I stop. We may, therefore, take it that where possible it is 
better to raise the lens than to tilt the camera and swing the 
back, and so it is although the arrangement does give rise 
to a slightly greater falling off of light toward the comer of 
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the plate represeDting the npper corners of the snbject ; but 
it will be seen that the raising of the Igds idvoIvcb the nse of 
HD iDEtrument thut will much more than cover the plate when 
conditiouB are normal. This results frequently in the use of 
the swing back simply becaose. if the front be mnch raised, 
the lens will not cover the lower corners of the plate at alL 

Again, it often comes to pass that subjects are so high that 
even when the front of the camei-a is raised to the utmost 
extent, the top of what is wanted is still not inclnded. In 
such a case it is necessary, besides raieing the lens, to tip the 
camera and to swing the back. 

If we look at Fig. 37, and suppose the camera fitted with 
an adjustment, so that the front can be swung forward till it 
is parallel with the back, it will be seen that the result would 
really be the same as in Fig. 38. This is why I said that the 
swing front came in practice to be merely an extension of the 
rising front principle. It is not the lesa usetnl on that 
account, however ; it permits of a much greater rise than can 
be got without it. 

We now come to the second use of the swing back, which, 
as we have said, is quite different from the first. In fact, it is 
as a rule only advisable where there are no vertical lines in 
the subject, and where therefore it is most necessary to keep 
the plane of the plate vertical. 

Of course the photographer is aware that when he photo- 
graphs a landscape, he photographs a number of objects at 
difEerent distances from the camera, and that he cannot in 
nine cases out of ten get all tlieso quite sharp at the same 
time except by the use of a stop more or less small. He can 
by adjusting the distance between the lens and the ground 
glass make any one or several of the objects sharp that he 
likes, and were it possible, at the same time, to have different 
parts of the ground glass more or less near the lens as might 
be desired, all the image might be sharp at the same time. 
Now this is possible in the case of a form of subject by no 
means very uncommon, namely one in which the lower part 
of the snbject is nearer the camera than the center, the center 
the top. The most complete case of such a subject 
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would bo a fiig}it of BtepB straight oppoeite tlie camera. Of 
course snch a subject ie seldom or never photographed, but it 
generally happens that the foreground is the nearest object in 
a landscape, that the center of the picture is considerably far- 
ther away, and that the top is further away still — as perhaps, 
for example, tlio sky. Fig. 39 will show at once how by 
swinging the back so that the top is further from the lens 
than the bottom, the whole three parts are brought into focus 
at one time. 




Another case in which the swing may be very usefnl is that 
of portraiture. In the case of a sitting figure, for example, 
the knees at the same time as the head may be brought into 
focus by the aid of the swing back. 

The side swing is used when one side of the subject is much 
nearer the camera than tlie other. A typical example of such 
a case is that of a terrace of houses when it is desired to photo- 
graph these, looking along them from a spot nearly opposite 
the house at one end. The side awing is but little used com- 



pared with the vertical awing. 




CHAPTER VIII. 
OpTiciL Phihoiples Intolved in Enlasoikq. 

The optics of photographic enlarging will be very readily 
understood if what has already been written has been under- 
stood. 

It has, of coarse, been observed by the photographer that, 
as he approaches an object to be photographed, he gets a 
larger image of it on the ground glass, and that he has at the 
some time to rack the lens out, or increase the distance 
between it and the ground glass. Kow, if we have a camera 
which will extend sufficiently, this procese need by no means 
Btop at that point where the size of the image is equal to that 
of the object, but may continue till the image is very much 
lat^r than the object, the lens being always brought a little 
nearer the latter. In photographic enlarging the object consists 
of the negative from which the enlai^ement ia to be made, and 
the image is received either on a sensitive surface, such as 
gelatino-hromide paper for the direct enlargement, or on a 
plate for the purpose of producing an enlarged positive, from 
which an enlarged negative may be made by contact. Some 
prefer to make a transparency by contact the size of the nega- 
tive first, and to make this the object, producing an enlarged 
image in the camera. It is to he observed that when lenses 
that are not symmetrical — which consist of two combinations 
different from each other — are used for enlarging, as, for 
example, the portrait lens, it is well to reverse the objective 
when the image becomes larger than the object, turning that 
end of the leua which is normally toward the object, toward 
the sensitive film. 

This is really the whole of the optica of enlargement ; fur- 
ther complications — which are sometimes considerable — aE 
have for their object merely the illuminating of the negative. 
It will of course be understood that the more light passes 
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through the negative into the lens the ehorter need be the 
exposure. With modern films for enlarging, such aB gelatino- 
bromide, it is urnecessary, in tlie case of daylight, to use any 
epecial means of concentrating the light. If behind the nega- 
tive there be the sky or any evenly illuminated white object, 
aa a board with a sheet of white paper stretched on it, the 
light will be sufficient. "When, however, enlargements have 
to be made direct on, for example, each comparatively insen- 
sitive films as platinotype paper, albumenized paper, or carbon 
tissue, or in any case by artificial light— gas or oil — it is neces- 
6ary to use an arrangement for concentrating the light. This 
is known as a condenser. 

The condenser is nothing more nor less than a large lens or 
combination of lenses, one larger than the whole of the nega- 
tive to be enlarged from. This lens condenses parallel or 
divergent raye, which pass through the negative and canse 
such as wonld otherwise fall outside the objective to pass 
into it. 

We illustrate this here, A ia, in this case, the source of 




I 



I' ] 

i 



light; B is the condenser — a compound lens ; is the nega- 
tive, held in a wooden frame E, and D is the objective or 
photographic lens. The relative distances of A, B, and D 
mnst be kept such, to get the best advantage of the condenser, 
that B brings the light to a focus within D. 

In Fig. il is shown, to a smaller' scale, the whole arrange- 
ment, including the screen on which the enlarged image is 
thrown, and the path of the rays of light. Tlie form of con- 
denser is an inferior, but much more commonly used one, than 
that shown in Fig. 40. The nearer to a point is the source of 
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light, A, tbe more easily can the whole of the light be thrown 
into the lens, D, even if be of smaller size; heace it results 
that with a light approaching a point in form, such as a lime 
light and a well-fornied condenser, it is of no consequence as 

tgth of exposure whether the lene, D, be of amall or 
oi large aiameter, or slow-acting or quick-acting ; and indeed, 
were it possible to have an absolute point as a source of ligbt, 
and to have a coEdenser quite devoid of spherical and chro- 
matic aberration, we might dispense with the objective D 
altogether, 

Wiien the sun forme the source of illnmination, a condenser 
of longer focus may be need than with artificial light, as the 
rays are parallel to begin with, not divergent. It is necessary, 
of course, to have the sunlight always passing directly into 
the condenser. This is commonly provided for by having the 
enlarging camera so arranged that it may be turned in any 
direction. 

Trom the Photographic Ifews of December 23, 1870, we 
taie an ilhistration showing the action of a" solar camera. 

Here B is the condenser, N is tlie negative, O is the objec- 
tive or photographic lens adjustable by the pinion H, and R 
is the board for pinning the sensitive paper to, adjustable by 
the pinion t. 
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8 iB a yignetter which may be used if it be desired to pro- 
duce vignettes. The shape is shown in the Fig. 36. 




Fig. 42. 

It is to be observed that when a condenser is used, espe- 
cially with the sun as an illuminant, it is diflBcult to vig- 
nette with a simple oval opening, as in the case of direct 
enlarging, and that this difficulty is greater, the more optically 
perfect is the condenser. This is why it is neceaswry to serrate 
the edges of the vignettes. 

Diagram 42 shows the eirtemal view of the solar camera 
with the sub-doors, which can be opened for inserting nega- 
tive, sensitive paper, etc., and for observing progress when 
the image is visible, as in the case of albumenized paper. 




Fig. 43. 



It has often been observed that whereas, when difiused light 
is used in enlarging, the quality of negative which is suitable 
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for contact printing gives excellent enlargements, that when a 
condeoBer is used, and cBpecially when the sun is the source 
of light, Bnch negatives generally give very hard pictnree, and 
that, for such enlarging, the most suitable negative is one with 
very clear shadows and very thin high-lights. 

These facts have often been observed, but I am not aware 
of having, as yet, eeen any explanation of them. The cause 
of the harshness of result, when a condenser is used with a 
negative of ordinary quality, is as follows : 

The shadows we shall suppose to be clear glass. This being 
" strncturelese " in the sense of showing no visible grain, 
the light passes straight through it, and, having been given 
that direction by the eondenser, aU passes into and through 
the objective. Of course we leave out of consideration, in 
the meantime, the small amount lost by reflection from the 
Burfaces of the lenses and the glass of the negative, and 
absorption by the substance of these. 

The high lights, however, are not structureless. The deposit 
forming them is not of the nature of a stain, but is more or 
less granular — consists, in tact, of palpable particles. Such a 
deposit, then, acts as a diffuser of light, causing a certain 
amount of it to spread in all directions. For this reason it 
is, of course, not all thrown into the objective. We have then 
this state of affairs: All the light passing through the shadows 

thrown into the objective ; only a portion of that passing 
through the high lights ie so thrown, so that the amount of 

intrast between the two is increased. 

It is of course true that, with diffused light to begin with, 

le high lights farther diffuse or scatter light reaching them ; 
bat, in this case, there being, so to speak, an infinite number 
of sources of illumination (every point of the first diffusing 
surface being a source of illumination), the loss of light at 
any point of the negative, by rays from one point of illumina- 
tion diffused away from the objective by the film, is exactly 
made up by rays from other points of illumination diffused 
by the film towards and into the objective, so that the amount 
of contrast between high lights and shadows is, in this case, 
same for enlarging as for contact printing. 
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CHAPTER IX. 

ViBTW-MeTEBH 4HI> FlHDBBa. 

" ViKW-METEB " IB a term aaed to describe a small inetm- 
ment which may be used to discover what amount of land- 
scape will be included on the plates with any given lens. Its 
object is to discover, without the trouble of setting np the 
camera, which of a set of lenses must be used to include the 
Bubject settled ou for the picture. The remarks on "Angle of 
View," Chapter VI, may with advantage be read in this con- 
nection. The simplest of all view-meters is a piece of string' 
with some knots on it. It is held at arms-length in front 
of the operator, the distance between the hands being then 
determined by the position of two of the knots. There is 
then included between the haoda the amount of landscape 
that the lens to which the knots apply will throw on the plate. 
Snch a meter is very rough, but is wonderfully useful for 
those who carry a number of lenses ; and it can very easily be 
made. A knot is made at one end of a piece of string. The 
longest focus lens is fixed on the camera. The amount of 
distant view included is observed. The knotted end of the 
string is taken in the left hand, and the string is drawn out at 
arms-length till there is included between the hands just the 
same amount of view as was on the plate, and a knot is made 
where the string is held by the right hand. The same is then 
done for each lens. Each knot then represents the angle 
included by one of the lenses. 

Most view-meters are constructed on the principle of looV 
ing at the landscape through a rectangular opening of length 
and breadth proportioned to those of the plate. There is what 
is called an " eye-piece," which is simply a small hole to look 
through, toward the rectangular aperture, the only object of the 
so-called eye-piece being to insure that the eye is held at a cer- 
tain fixed distance from the aperture. The distance between 
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the eye-piece and the apertnre is generally variable to repre- 
sent difEerent lenses. 

The annexed diagram shows a form of finder sold com- 
mercially, and will serve to make the principle of the instru- 
ment clear. B here is the aperture, and the square hole %bove 
A is the eye-piece. The distance between A. and B is adjust- 




Fig. 45. 

able by sliding the aperture-piec^e along the plate, A C, and 
clamping it by the screw, B. The parts E F are merely for 
fixing the instrument to the camera when it is to be used as a 
finder, as will be described hereafter. 

We will take an example to show the manner of adjusting 
this or any other view meter. Let us suppose that the camera 
is for 12 X 10, and that the opening of the view meter is 3 x 2 
inches. This is not the precise shape of the 12 x 10 plate, but 
it is very nearly the shape to which we will probably trim the 
prints, and it is enough to remember that on the plate there 
will always be a little more subject both at top and bottom 
than can be seen through the meter. 

We will suppose that the lenses in common use are of focal 
lengths, 20 inches, 16 inches, 14 inches, 12 inches, 10 inches, 
8 inches, and 7 inches. We have now ojxlj to do a propor- 
tion sum as follows for each lens : 

12 : 3 : : 20 : a? the distance that we must have between the 
eye-piece and the aperture, so that there may be seen through 
the meter the same amount of view as the lens includes. 

The distances will be, for the lenses mentioned, 5 inches, 4 
inches, 3^ inches, 3 inches, 2i inches, 2 inches, and If inches. 
These distances, however, to be quite correct, must be between 
the optical center of the lens of the eye and the plane of the 
aperture, and as it is not practicable to measure this, or to 
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know exactly how far the optical center of the eye-lens will 
be behind the eye-piece, the best thing to do in practice is to 
adjust the meter once for all by experiment for each lens as 
described for the crude string arrangement, and to mark the 
position of the aperture for each one. 

It will be evident that the view-meter would be quite 
efficient with tlie distance between the "eye-piece" and the 
aperture fixed, if the latter size could be varied, and some 
view-meters are made on this principle. The fixed aperture 
shows the amount of view included by the widest angle lens, 
and there is a slit into which may be fixed smaller apertures 
cut in pasteboard or thin metal, just as in the case of a lens 
with Waterhouse diaphragms. 

I^hiders, — The object of a finder is to be able to see what 
amount of subject is included by the lens whilst the dark 
slide is in the camera, and it is therefore impossible to look at 
the ground glass. They are particularly useful in the case of 
instantaneous work, particularly the taking of yachts, etc., as 
it is bv means of them possible to follow the motion of the 
object, and insure that it occupies the proper place on the 
plate. 

It will l>e evident that the meter just described might be 
uscii as a tinder simply by fixing it to the camera with the 
plane of tlie aj^erture parallel with the plane of the plate, and 
so that no part of the camera obstructs the view of the sub- 
ject through tlie " eye-piece ■' and the aperture ; and, indeed, 
it often is so used. 

I have used with success a very ingenious finder made by 
Mr. J. Adams. In principle it is somewhat the same as the 
above would Ih> wore the principle of fixed distance between 
eye-piece and aperture just explained adopted, and were a set 
of variable a[>erture3 used. Besides this, however, it has one 
or two points of novelty wliich make it specially worthy 
of notice. In the first place a mirror is used refiecting the 
light at right angles, so that the operator takes up a position 
at the side of the camera, where he may conveniently manipu- 
late both the dark slide and the shutter. Besides this, there 
is a vertical and horizontal movement of the eye-piece con- 
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trived exactly in the same way as the same movements on the 
front of a camera. The use of these is to adjust the eye- 
piece, after the instrument has been iixed on the camera, so 
that precisely the same view may be included as that on the 
ground glass, even if rising or side sliding front be used. 

The cut is a sectional plan of the instrument showing it 
about half size. It is made of vulcanite, is very small, and 




Fig. 46. 



proved in oar hands thoroughly practicable. It is not, so far 
as I know, made commercially. 

A totally different form of finder is that which includes a 
small lens and a ground glass. It is, in fact, a miniature 
camera, and it will be evident that if such be used having the 
ratio of focal length to length of plate, the same as in the 
large camera, and if it be properly fixed on the large camera, 
there will always be on its ground glass the same amount of 
subject that the large lens includes. This is the form of 
finder generally used with detective cameras. In this latter 
case the lens of the finder is sometimes made of the same 
focal length as that of the main camera. In this case it is 
possible to focus by the aid of the finder — if both lenses are 
moved by the same rack — as well as to " find " the subject ; 
but where, as is commonly the case, the lens of the finder is 
of much shorter focal length than that of the camera, there is 
no means of focusing after the dark slide is in the camera, 
and there is, therefore, no means of insuring sharpness in the 
image by focusing after the dark slide has been inserted, 
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unless we are nsiDg a very small stop, or the object is so 
distant that we may depend on its image being sharp when 
we focus for *' the distance." 

I know of two finders applicable to cameras which act as 
focusers. One is due to Mr. J. Traill Taylor. He purchases 
a cheap telescope whose objective is of the same focal length 
as that of the camera. The objective tube of the telescope i& 
now fixed to the front of the camera, care being taken to 
keep the axis of the telescope and that of the photographic 
lens parallel. An object is focused on the ground glass, and 
the eye-piece of the telescope is drawn out till the same object 
appears quite sharp through it. The eye-piece is now fixed 
to the back of the camera so that the telescope slides in and 
out as the camera is racked in and out. The image in the 
camera will now always be sharp when the same object is in 
focus as seen through the telescope, and it is therefore possible 
to focus the former by looking through the latter. 

The only objection that there is to this arrangement is that 
it does not act very well as a finder. It may be used to keep 
the camera directed to the object, but it does not show how 
much subject in included, or how large the image is on the 
ground glass, a very important matter when, for example, 
an instantaneous picture is being made of a yacht coming 
toward the camera. A device by Lionel Clark overcomes 
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Fig. 47. 



this objection. He uses a cheap lens of the same focal length 
as the camera lens — 'd spectacle lens which costs a few pence 
will do, he says — and adjusts that over the front of the 
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camera. The groond glass of the camera U arranged eo that, 
if hinged npward, it will be held in a vertical plane, or more, 
etrictlj speaking, in a plane parallel with its normal position. 

The illQBtratipti (Fig. 47) will ehow the arrangement. 

The focnsing cloth thrown over the upturned ground glass 
and the spectacle lens form a second camera. It is onlj 
necessary to focas some object sharply, with the ground glass 
in its normal position, to turn up the ground glass, and to 
adjust the lens, A, so that it gives a sharp image on the 
Qptumed ground glass, to iix the position of the lens, A, with 
relation to the camera front. The upturned ground glass will 
then at any time show the same amount of Eubject as is 
included by the principal lens, fi, and if the camera be racked 
oat till the image on the upturned ground glass is sharp, that 
OD the sensitive plate will be sharp also. 




CHAPTER X. 
The Optics of Stereoscopic Photography. 

Of late years the stereoscope has gone comparatively out of 
repute, and is but little heard of. We hear regrets on all 
sides that it has fallen in public estimation, but at the same 
time, those who are loudest in their regrets have done but 
little to set their old friend on his legs again. We hear 
almost all landscape photographers, especially amateurs, regret- 
ting the decline in public favor of the stereoscope, yet we 
never see them hoisting a stereoscopic camera and showing the 
results to their friends, a procedure which, if carried out by 
any large number of amateurs, would almost certainly raise 
the instrument, if not to its old proud position, at least to one 
of dignity. 

Theories are often advanced as to why the stereoscope has 
fallen so completely out of fashion, but none of them seem to 
be very satisfactory. The probability is that it fell because it 
had, some twenty years or so ago, reached a height of popu- 
larity which its merits did not justify. There was, as was 
natural, a reaction, and it took too low a place. There are, 
however, signs now that the reaction may bo over, and that 
the stereoscope may once more receive a fair share of popular 
favor. We shall hope so, for it is a very scientific and a very- 
beautiful instrument. 

The optical principles of stereoscopy are by no means com- 
plicated. They depend simply on the fact that, in the case of 
naturally looking at an object, the impression is really made 
up of two images, one received on each eye, ar^^ each alighUy 
differvngfrom the other ^ and that, if we can make two pictures 
of the object, differing just in the same way, and can arrange 
that each of them is seen by one eye only, we can reproduce 
faithfully the result of natural sight with two eyes, and will 
see objects as if they were actually solid. 
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If any one doubts that we see two different images witlx the 
two eyes, let him look at a landscape through a window, 
standing some eight or ten feet behind the latter. In this 
case, of course, the window frame forms part of the image. 
If now he look at the scene, first with one eye, then with the 
other, he will see that in one case he sees more of the land- 
scape at one side ; in the other case more of the landscape 
at the other side. Further, if there is, for example, a lamp- 
post in front of the middle of the window, he will find that it 
hides a slightly different part of the landscape according to 
which eye is used. We gain our idea of solidity of objects 
almost entirely on account of these two different images. We 
may, however, give an idea of distance, in the case of com- 
paratively near objects, without seeing two different images, 
and this also on account of binocular vision. Thus, if a small, 
uniformly colored sphere be hung by a thread with a perfectly 
plane background behind it, we receive precisely the same 
image in each eye, yet we know that we can estimate with a 
fair amount of precision the distance of this sphere. This is 
because the axes of the eyes in all cases pass through the 
object looked at, necessitating less or more convergence, 
according as the object is far or near, and that a judgment of 
the amount of convergence, and hence of the distance, is auto- 
matically made from this datum. 

We borrow an illustration from the "British Journal 
Almanac" of 1887 to illustrate this. In Fig. 48 objects A, 
B, and C are supposed to be at different distances from the 
eyes — shown as small circles — and it is seen how the axes con- 
verge more for the near than for the far objects. 

It may not be granted at first that the appearance of solidity 
and the judgment of the distance of objects are due to bin- 
ocular vision. It may be argued that if we close one eye we 
still see objects solid, and that we can still judge of distances 
to a certain extent. This is true, but is less true than at first 
appears. Familiar objects certainly appear quite solid, but 
that is greatly because we know so well that they are solid. 
If we view, for the first time, some object of complicated 
form with which we are quite unfamiliar, with one eye only, 
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we will often be sorely paazled to make out its form. The 
judgment of distances by one eye only is more difficult than 
is imagined, as will be evident by the astonishment generally 
exhibited by the individual who is persuaded to let one eye 




Fig. 48. 

be bandaged up, and to attempt to snuff a candle immediately 
that it is brought into the room, when he repeatedly snaps the 
snuffers some inches in front of or beyond the candle. 

The writer remembers the case of a lady who very 
•frequently poured the milk or tea on to the tablecloth rather 
nearer her, or rather further from her than the cup into which 
it was intended to go. On an investigation it was found that, 
although she herself had not previously been conscious of it, 
the sight of one eye was so defective that she could scarcely 
be said to have binocular vision at all. But the most con- 
vincing experiment is that with the stereoscope itself. We 
take a common stereoscopic photograph and view it through 
a good stereoscope, when the moment the two images are 
combined, the picture appears to start at once into a solid 
object. 

The Stereoscopic Camera, — The method of getting the two 
pictures, differing as do the images received on the two eyes, 
is simply to take two photographs from slightly different 
points of view. These points of view should, strictly speak- 
ing, be just as far apart as the two eyes, and very little more 
than that is permissible in the case of very near objects — ^por- 
traits, for example — but for more distant objects there is no 
appreciable departure from truth by making the distance 
apart of the two points of view somewhat greater than that of 
the eye — say 4 or even 5 inches, for example — and the result 
is a more convenient size of plate, and several other conven- 
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iences. By greatly increasing the distance between the two 
points of view an idea of solidity and relief may be given to 
objects so far away that unaided vision really shows no relief. 
These effects can scarcely be called natural, but they are 
sometimes highly useful. Thus an idea of the shape and 
formation of distant and inaccessible mountain peaks and 
<H>a8t lines may sometimes be thus got which could be obtained 
in no other way. 

When stereoscopic photography first came into fashion, it 
was customary to make two exposures on two separate plates 
with the same camera, the lateral position being slightly 
changed between the two exposures. This custom has now 
80 completely gone out of use that a bare mention of it is 
sufficient. A "stereoscopic camera" is now always used. 
This is in reality two small cameras, each fitted with a lens, 
fixed side by side, and so arranged that the lenses may be 
uncovered at the same time, giving at the same time two 
exposures, one on each half of a plate. The size of plate 
adopted is anything from 6^ x 4^ to 8 x 6. The latter size is 
strongly reconmiended by J. Traill Taylor, whose authority 
on the subject cannot be disputed. 

The Lemses. — Any kind of lenses suited to landscape work 
may be used with the stereoscopic camera, or for portrait 
work the portrait lens may be used. All that is said about 
angle of view, etc., in the chapters on lenses applies in the 
case of stereoscopic work ; there is this difference, however, 
that the common form of stereoscope slightly distorts the 
image given with a rectilinear lens, while it corrects the 
<listortion given by a single lens. The latter form is there- 
fore peculiarly advantageous for stereoscopic work. The 
great thing, however, to secure is that the two lenses are of 
precisely the same focal length. Almost all opticians issue 
lenses "paired" for stereoscopic work, and these will gener- 
Ally be found to be of the same focal length ; but they should 
be examined by accurately focusing a distant subject on the 
ground glass, and by measuring with a pair of dividers the 
distance between the same pair of points near the ends of the 
images given by the two lenses. 
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The Stereoscope. — ^Tho stereoscope is the instroment whereby 
it is contrived that each eye views only one of the two small pic- 
tures made of the subject, and that the two images are combined. 

A little consideration will show that if we print oar two 
views from the two negatives wliich are on the same piece of 
glass, or one piece of paper, and place the resulting print 
opposite to our eyes, the wrong picture will be opposite to 
each eye, Tlie picture which shonld be opposite to the 
left eye will be opposite to the right, and vice versa. If, 
however, we cut the print in two and reverse the position of 
the two halves, we will have the right picture opposite each 
eye. If, now, we have the power of causing the axes of onr 
eyes to change slightly — or in the case of very small stereo 
pictures merely to become parallel — while looking at the 
print held only about a foot away, we can look at one image 
exclusively with each eye, and will immediately see the object 
stereoscopically — ss if it were solid. Some have this power, 
most can train theraselvca till they acquire it ; bat it is con- 
venient to use an instrnment whereby the strain always pro- 
duced by giving a parallel or diverging direction to the axis of 
our eyes whilst they are focused on a near object is avoided, 
[n the older forms of stereoscopes, reflecting mirrors were used. 
Fig. 49 will illustrate the action of them. 




Fig. 4y. 
Here A B are supposed to be the eyes of the observer. 
The two photographs — slightly differing as already explained 
— are shown at F G, H I. The images of these are reflected 
by the mirrors C D, D E. These are arranged bo that the angle 
between them can be slightly varied, and it will readily be under- 
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stood how it may be adjusted so as to make the two images over- 
lap and form a stereofcraph at K L. I borrow Fig. 60 from 
a commnnication to the "Year Book" of 1886, by W. M. 
Ashman, which shows the reflecting stereoscope in perspective. 




The reflecting stereoscope has certain advantages which 
have caused its revival to be strongly advocated quite 
recently, bat its comparative cnmbrousness is so mnch against 
it that it seems doubtful if it will ever come at all into 
general use again. Tlie prismatic stereoscope has practically 
entirely ousted all other forms. 

To explain elaborately this form of stereoscope would need 




too much space, but it is briefly illustrated here. If the 
reader does not understand from Fig, 51 the manner in which 
the two prisms, D, D E, cause the two images, F G, H I, to 
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combiDe and form a single image at K L, lie is referred to 
Chapter III, where the prism ia treated of. He will there 
find a description of the manner in which rays of light are 
caused to bend in passing through a prism. 

The arrangement jnat shown is really all that is neceesuy 
to give a stereoscopic effect, but the effect is greatly height- 
ened if these be combined with the prism's magnifier so that 
the image is slightly magnified. In practice this is Becared 
by using as prisms the edge portions of circular lenses. Fig. 
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53 illustrates the arrangement. The letters refer to the same 
parts as in the case of the last drawing. 

The next cut shows what portion of an ordinary double 



convex lens is nsed for the stereoscope prisms. The full lines 

show the part used, the dotted lines show the lens completed. 

The reason why the use of a portiou of a lens as the prism 



«f :& anxecMeope haighteiu the efleec i^, that it pivveut;» the 
£v(si^jmx£e of the nivs entering the eve tn.uii ^ii v \j>oiut of one 
«f the piccores. Such «iivenrenee indicates to tiie eve the 
nearnt^ of die object, otf, for exiimple* when ^*e \\*k »it Aiiy 
obiecc oniv a few inehe^ otf with o.'ilv ono eve. With the 
oroinaiy piisnia we have this aiverii^'uee, aud althou^i^ii we 
get ail rhe idea of 34>lid:tv, the objeets UK»k inerx'lv like 
nrinnn* j[iodeifi. The lens causes the nivs to 1'ev.vnie ViUiuIel, 
aui if ail adjofitznents have been ctrreetlv nude theol>>vCS 
look, if not of their actual 5>L:e. u: !cas: co:»ir\4:*iitivci\ Li-'ue. 

Jf mnrin*/ :Stt^ret/jtt't .^/«; / V /// .;.-<. — S.»: : ic >^ vo i .il luvea .: : '-ons 
have To :je 3:ikea in the aiourit!:!^ » i >w:\\'><\'y\' viciis. I'.i 
die irsr phice. ds has alrea*iv Uva >;iiJ, tliov !iii:>t Iv 
reversed. A print is luaJe fn.>ni :he two ixx^ti^e** ^^it one 
piare. but of the two iiua^^cs tiuit which is v'li ilic vii;:-.: .u :!\e 
prLiu '-times frijiu the frame must be mounted on the 'c:*, .ind 
«e<? *'*;rvc. tether points besides this nei\l s^^ivial attentiv':'. 

All the precautions that have to be taken in the iri'.i'i!'::*^^ 
of ordinary prints must ot course be taken in the oa>c v'C 
8tereosci:pic prints. I here rv*ter to the ne<.v.v»ir\ il'-i' ''^o 
edge of the print be made parallel with vertical liivci ot b'.:ild 
inss. It is necessary to irive another pnvaution, wliioli N\on'd 
appear unnecessary, but tliat a mistake is v»t ten niade i:i '.:•,•> 
respect The images must be trinimevl to prwiseU t!ie saiv,c 
Aei*jAt^ that is to say, the trinnnini* must bo so done that ,-4*.iv 
object is precisely the same height frv>m the bv»tlv»ni v^t the 
pictnre in the case of one print as in the case v»t the other. 

All this is simple enough, and will bo readily undei-^tsSsU 
bnt the trimming of the edges is more lUtlicult Uvauj^o i!iO 
very conditions which are so strictly observeil in the caj^e ot 
top and bottom must be avoided in the case ot the svivl^v^ 
Any given point of the image must not bo Cipuvlly near the 
right or left side of the picture in the ciiso of the two j'rlnis. 
The reason for this is that the stereoscopic image- appearing 
Bolid — must be seen with a distinct boundary line, aiul, to iret 
an idea of size, it is necessiiry to arrangx^ that this bouuvlarv 
line shoald appear as a fmming t/uvui/h which the imagt^ 
is Been, whereas, if wo trim tho i)rints similarly at the eilgi^ii 
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it will appear as if the whole image stood out from the 
framing. 

We will see what is required if we look at a landscape 
through a window standing say some six or eight feet behind 
it. If we look at the landscape first with one eye, then with 
the other, we will see that whilst we are looking with the 
right eye, we see more of the left-hand side of the landscape, 
and less of the right-hand side, than when looking with the 
left eye. We must then trim our prints so as to produce the 
same effect ; that is to say, we must let a little more of the 
image be seen on the left side, a little less on the right side in 
the case of the right-hKiid. print than in that of the left hand. 
There is no rule as to the precise amount to be allowed, simply 
because there is no rule as to how near the " framing " of the 
picture should appear. It should, however, appear to be in 
front of the nearest part of the image, and to secure this it is 
necessary that in trimming the prints we should let a little 
more of the foreground be visible at the left side of the right- 
hand print, a little less at the right-hand side, than in the case 
of the left-hand print. In this case the conditions will hold 
to a still greater degree for all prints representing more 
distant objects than the foreground. 

When a great number of prints have to be done from one 
negative, or pair of negatives rather, it is advisable to reverse 
the two halves of the plate and to print from them at once, 
after which the double print may be pasted directly on the 
mount. This is done in the following manner : The precise 
parts of the negative to be printed from are marked out, due care 
being taken in this case to allow a little more of the image on 
that edge of the negative which will give the left-hand edge 
of the right-hand print than on the corresponding edge of 
the other print, and a little less on what will give the right- 
hand edge of the right-hand print. The negatives are then 
cut with a diamond, allowing everywhere one-sixteenth of an 
inch outside the marked portion. They are then mounted in 
reversed positions — right for left — on a piece of clean glass by 
narrow strips of paper, all the same precautions as regards 
keeping them at the same height, etc., being taken as in the 
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case of prints. An opaqae paper mask ia cat, so as to abade 
all but tbe images that are to print. This new doublet nega- 
tive is now Qsed for direct printing, and tbe prints are 
monnted with no further precaution than has to be used in 
the case of mounting ordinary single prints. 




CHAPTER XL 
The Specteo8€X)pe. 

The fact that when a ray of white light passes through a 
prism it is divided tip iijto various colors has already been 
mentioned. The row of colors obtained is called the ypectrum. 
The study of the spectrum is a matter of great interest, and is 
one indirectly connected with photography. 

In speaking, so far, of the passage of a beam of light 
through a prism, it has been assumed that that beam consisted 
of a single ray of light, or, in other words, had no breadth. 
This is, however, evidently an impossible state of aflfairs. 
The light must emanate from a source of light having some 
size. This source of light is commonly an opening of some 
kind having light — such as the sky — ^behind it; for example, 
a hole in the shutter of a darkened room. 

If this opening be of a size larger than the smallest, the 
spectrum is continuous; that is to say, it is a row of colors 
without any break. If, however, the opening be made very 
narrow, be reduced to a fine slit, the spectrum from many 
sources of light — from the sun, for example — is found to be 
interrupted by a number of dark lines crossing it. In the 
case of certain sources of light these lines are bright in place 
of being dark. My object here is merely to describe the 
instrument called the spectroscope, and it is, therefore, impos- 
sible to go farther into the matter than to say that sources of 
light which consist of heated solids — for example, an incan- 
descent electric lamp — give continuous spectra. Incandescent 
vapors — such as we have in the electric spark — ^give spectra 
consisting of bright lines; light which passes through the 
vapor of these bodies at a temperature below that of incandes- 
cence, is absorbed so as to produce dark bands, corresponding 
in position to those light bands which would emanate from 
those same vapors if in a state of incandescence. 
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The annexed cut shows the principal lines in the spectmm 
of the sun. I say the principal lines, because the real number 
is very great — ^many thousands — and the lines, before appar- 




FiG. 66. 

ently single, are almost daily found to be divisible. Any sub- 
stance always gives, under the same circumstances, the same 
spectrum. It is, therefore, possible to judge of the composi- 
tion of bodies, even when inaccessible, by the spectrum that 
they give. Thus, the spectra of many bodies well known on 
the earth have been observed in the light of the sun. 

The spectroscope is merely an instrument for closely observ- 
ing the spectrum. It consists essentially of a slit to admit 
light to one or more prisms through which the light passes. 
The Hght passes through a lens before it reaches the prism. 
This lens is called the collimating lens. Its object is com- 
monly said to be to render the pencils of light passing from 
the sht parallel. This statement is scarcely correct, although 
continually made by those who ought to know better. It may 
really be looked upon as an objective, throwing an image of 
the slit on the screen for receiving the spectrum. The spec- 
trum thus consists of an infinite number of images of the slit. 

When it is desired to photograph the spectrum it is received 
on the sensitive plate, a photographic lens being, as a rule, 
interposed between the prism and the plate, although this is 
not an absolute necessity ; but when it is desired to examine 
it directly, a telescope, or it would perhaps be better to say a 
compound eye-piece, is used. The difference here is precisely 
the same as that between a camera and a telescope. When 
we wish to photograph an object, we receive the image given 
by the photographic objective on the sensitive film; when 
we wish to examine a distant object by the eye we look 
at the image given by the telescopic objective through an eye- 
piece. 
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In figures 56 and 67 is shown the external form of the 
spectroscope. In each case the left-hand tube supports the 




Fig. 56. 



slit and the collimating lens, the right-hand tube the eye-piece 
for examining the spectrum. The second cut shows a spec- 
troscope with two prisms. The advantage of two prisms in 




Fig. 57. 

that greater dispersion is obtained ; in fact, we get a spectrum 
on a larger scale than before. 

Sometimes quite a number of prisms are used to gain 
greatly increased dispersion. An arrangement — the inven- 
tion of the famous optician Browning — for the use of six 
prisms, is shown in Fig. 58; the dotted line shows the direc- 
tion taken by a ray of monochromatic light. Mention must 
on no account be omitted of the direct vision spectroscope, as 
this is a little instrument particularly useful to photographers. 

By referring to what has been said in Chapter III on the 
moans of correcting chromatic aberration, and considering 
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how we may bend a ray of light without dispersing it, it will 
readily be understood that, by a modification of the eame 
arrangement, we may disperse a ray of light without bending 




Fig. 58. 

it. By 80 doing, we may have a spectroscope with the colli- 
mating tube and the eye-piece in a straight line, in place of 
at an angle with each other. Only a limited amount of dis- 
persion is, of course, permissible with this arrangement, or 
the spectrum would pass beyond the field of view. 

The next two cuts. Figs, 59 and 60, show the arrangement 





Fig. 59. 



Fig. 60. 



of prisms for dispersing a beam of light without deflecting it. 
In each case the darker shaded prisms are of flint, the lighter 
of crown glass. 

The chief use of the direct vision spectroscope to photog- 
raphers is in examination of mediums for dark-room illumina- 
tion. Most photographic work is done by light of short wave 
lengths — blue, violet, etc. Sensitive films are, therefore, most 
easily worked in light of long wave lengths — red, yellow, etc. 
Colors that appear to the eye quite simple are often in reality 
compound. Thus, there are two kinds of red glass, to the 
eye as like each other as can be, but one of which transmits 
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only red light and, perhaps, a very little green, while the 
other transmits a considerable amount of bine or purple also. 
The latter, it will be evident, is quite unsaited to dark-room 
illumination. The two cannot, as has been said, be distin- 
guished by the eye, but they can at once when the light pass- 
ing through them is examined by the spectroscope. 

The spectrum extends in both directions beyond what can be 
seen by the eye, t^he rays of greater and less refrangibility 
than those visible to the eye being termed ultra-violet and 
ultra-red rays. Photography has been particularly useful in 
mapping these. 

There is the objection to the prism spectroscope that the 
glass of the prisms absorbs — or st(yp% — some of the invisible 
rays. Fortunately a spectrum can be obtained otherwise than 
by a prism. It can be got by the aid of a " diffraction grat- 
ing.** A diffraction grating is a polished surface — such as 
speculum metal — ruled with lines so close together that there 
are many thousands to the inch. This, on account of what is 
called interference of lights gives a very perfect spectrum^ 
none of which is absorbed. The subject of the diffraction 
grating is rather too complex to treat of in detail here. 




CHAPTER Xn. 
On Instantaneous Shutters. 

It may be thonght that the instantaneous shatter is scarcely 
An optical instrument, but the use of it is so closely connected 
with the use of lenses that I incline to introduce a chapter 
on it. 

An instantaneous shutter is merely an instrument for giving 
A very short exposure ; for allowing light to act through the 
lens for a shorter time than it is practicable to allow, using 
the cap by hand. Its object is to photograph such objects as 
must not get a long exposure, on account of their being in 
motion. 

At first sight it would appear as if nothing could be simpler 
than to construct an instrument fulfilling all the conditions 
reqaired in an instantaneous shutter, but in reality the condi- 
tions are complicated, and they are not very easily fulfilled. 
In fact, it might almost be said, as it has been of lenses, that 
some of the qualities desirable are incompatible, and that we 
must at times sacrifice one or more of the less important to 
secure the others, the result being an instrument, not hypo* 
thetically perfect, but useful in practice. 

In the first place, the photographer must disabuse his mind 
of the popular, or at least by no means uncommon, idea that 
an "instantaneous exposure" is something definite. The 
terms "absolutely instantaneous," "snap exposure," and so 
forth, tend to raise confusion. As a matter of fact, an instan- 
taneous exposure occupies a space of time which, if short, is 
-quite as definite as a long exposure. It is, moreover, as desir- 
able to be able to vary the exposure when it is a case of ^j 
-j^, or J of a second, as when it is 4, 10, or 20 seconds. For 
by far the greatest quantity of instantaneous work an exposure 
not shorter than -^ second is short enough, but there are 
f^pecial cases' when it may be desirable to give shorter expos- 



102 PHOTOGBAPHIC OPTICS. 

ures, say even as short as y^ second. This is leaving out of 
the question a certain department of work for which extra- 
ordinarily short exposures are desirable. I refer to illustrations 
of " animals in rapid motion," such as have been so success- 
fully produced by Muybridge, and for which exposures much 
shorter than ^-J-g- second are necessary. This is a special work 
which needs a trainiog in itself, and I do not pretend to be 
competent to give instructions in the matter. For such 
instantaneous photography, however, as is likely to come 
within the sphere of work of the ordinary photographer, pro- 
fessional or amateur, I consider that j^ second is the shortest 
exposure that will ever be needed. 

Another matter to be considered in connection with an 
instantaneous shutter is that it allows a good coefficient of 
light. This is a matter a little difficult to explain, and I may 
say that neglect of it is one of the commonest faults in instan- 
taneous shutters. The object of giving a very short exposure 
is to avoid the blurring which would arise from the motion of 
the object to be photographed during a comparatively long 
exposure. The period of the exposure is from the time that 
the shutter begins to open until such time as it is completely 
closed. As, with instantaneous exposures, we, as a rule, have 
to use a larger diaphragm than we otherwise would, or else 
are liable to under-exposure, it is eminently desirable that, 
during the period of exposure, the light should be allowed to 
act with as much force as possible ; that is to say, that the 
opening of the shutter should not be such as to allow the 
light to act with only partial force during the exposure. 
Now with a very common form of shutter, one in which an 
opening of the diameter of the lens crosses the aperture of 
the lens — a common form of drop shutter, for example — ^the 
lens is fully open for only an infinitely short space of time, 
and the total amount of light allowed to pass through the lens 
during the whole exposure is only one-half of what it would 
be were the lens fully uncovered from the beginning to the 
end. The effect is the same, as regards reductions of the 
light received by the plate, as if a stop of half the area were 
used, while there is none of the advantage, in the way of 
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greater "depth of focus" and better marginal definitioD, 
that would arise from the use of the smaller stop. Were we 
to use, in place of the shutter having the poor coefficient, one 
liaving the best coefficient possible, we could, with the same 
time of exposure — and therefore with only the same liability 
to blurring from motion of the object — either use a stop of 
half the area with possible great advantage, or, using the same 
stop, have a plate just twice as well exposed. 

The manner in which a shutter eflFects the distribution of 
light on a plate is a matter needing consideration. It is, of 
course, known to all photographers that the illumination 
given by a lens on a plate is not equal — that it falls off from 
the center to the edge of the plate. This falling off is not 
very evident when only a small angle is included ; but it is 
when we come to include an angle at all considerable. More- 
over it is, even when only a moderate angle is included, con- 
siderable, when we use a lens of the rapid landscape form 
full aperture, or nearly full aperture ; and this is the form 
most likely to be used in cases of instantaneous work. It is, 
of course, undesirable that a shutter should, by its action, 
increase this inequality of illumination; but there are some 
forms of shutter that do so. Before entering on this subject 
we should say that shutters which work at the lens may be 
divided into three classes — namely, those that work in front 
of the lens, those that work behind it, and those that work 
between the combinations; and that these may further be 
classified under the heads of such as consist of a single open- 
ing crossing the aperture of the lens; those that consist of 
two openings crossing each other, so that the opening for 
exposure begins and ends at the center of the lens ; and those 
of the "go-and-retum" nature, in which a flap is raised from 
in front of the lens and is again lowered, or in which one flap 
rises and another comes down very shortly afterwards. 

Without entering into a detailed account of the action of 
these various forms of shutter in altering the distriution of 
light, I may give the following summary : Single opening 
shutters, whether behind or in front of the lene, do not modify 
the lighting as regards falling off from the center to any 
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marked degree; but, in the case of a vertical motion, give 
a somewhat longer exposure to the sky than to the foreground 
when in front of the lens ; a somewhat longer exposure to the 
foreground than to the sky when behind the lens. The latter 
form of inequality is, of conrse, to be preferred to the other 
in the vast majority of cases. 

In the case of a single opening working between the lenses, 
there is a slight additional falling off of light, produced at the 
top and bottom of the plate, or at the two ends if the opening 
be worked horizontally. The distribution of light as regards 
foreground and sky is not appreciably altered. 

The case of two openings crossing each other is, perhaps, 
the most important to consider, as in this form of opening it 
is possible to get both the greatest disturbance of distribution 
of illumination and the greatest equality of illumination, 
according to where the shutter is placed. In most cases of 
shutters made with openings crossing each other the shape of 
these openings is made such that the actual exposing opening 
is of a square form ; while the shutter is opening and closing, 
as shown in the accompanying sketch, and there are decided 
advantages in this form of opening. 









Fig. 61. 

With the form of shutter under consideration, placed either 
in front of or behind the lens, the falling oif of illumination 
at the margin of the plate is very conaiderahly increasedj so 
that it is never advisable to use such a shutter in either of 
these positions. On the other hand, if such a shutter be 
placed between the lenses, the result is a distribution of light 
even better than is got by using the lens with the same stop, 
arvd exposing by the aid of the cap. 

There is an advantage in the opening beginning at the 
center of the lens which is quite peculiar to it. It is that the 
loss of light due to the time occupied in the opening and 
the closing of the lens is partly compensated for by the fact 
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tbat the opening acts as a stop dv/rim^ that pa/rt of the eoopaa- 
"Ure. The result is that the picture shows the qualities it 
Mrould were it taken with a slighUy smaller diaphragm than 
that actually in the lens; but it is a great mistake to suppose 
tiiat, when the shutter gives an opening in the center of the 
lens, there is no further necessity for stops at all. 

That a shutter should not have the effect of shaking the 

-camera during the exposures is of course essential, and it is 

iar more diflScult to secure the complete absence from shaking 

than might be supposed, especially when a rapid exposure is 

needed. 

I believe that there is only one way of securing absolute 
immunity in the case of very short exposures from any 
impulse conveyed to the camera, and that is by having two 
moving parts of equal weight moving at equal rates of speed 
in opposite directions at the same time. I leave out of con- 
sideration the arrangement which may be made in some very 
special cases where the shutter is supported on a stand sepa- 
rated from the camera. The two moving parts may be made 
in the form of rectilinear or similarly shaped shutters moving 
in straight lines, or of two circular dishes centered on the 
same pivot and revolving in opposite directions at the same 
time. 

In the case of a drop shutter actuated by gravity only there 
is but little tendency to shake till the exposure is over; but 
with every form of shutter in which one moving part is 
actuated by a spring or analogous contrivance fixed to the 
Bhutter, an impulse is given to the camera during exposure 
tending to shake it, and if the results are not practically detri- 
mental, it is merely because the shaking produced is so slight 
as not to be appreciable. This is only to be secured by mak- 
ing the moving part very light. 

Of " go-and-retum " shutters pretty much the same thing 
may be said. It is not possible to so construct them that they 
do not communicate an impulse to the camera at the time of 
reversal of the motion, or, where two flaps are used, at the 
moment when the; motion of the first one is stopped. It 
must, however, be admitted that the weight of the moving 
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parts in certain modem "go^d-return '' shutters has been so 
much reduced that the impulse produces no appreciable effect^ 
while the compactness possible in shutters of this form is 
much in their favor. Further than this, it is possible, when a 
"go-and-retum " motion is combined with a revolving motion, 
to compensate the impulse given by the reciprocating part by 
imequally weighting the revolving part. This has been done 
in the case of a very ingenious shutter mentioned by J. E. 
Gotz. 

The principal conditions to be satisfied in the case of a per- 
fect shutter may be said to be the following : 

It must be capable of giving a short exposure. 

It must be capable of giving a variable exposure. 

It must be a good coefficient of light. 

It must not increase the inequality of distribution of light 
given by a lens. 

It must not shake the camera. 

Of course there are other conditions, such as lightness, port- 
ability, and simplicity, but these are self-evident. 

A few words on the above-mentioned conditions. I have 
already stated what I consider to be the shortest exposure that 
it is ever necessary to give in ordinary practice. 

As regards variability, it should be so great, if possible, that 
anything, from the shortest exposure ever needed, to one of ^ 
second, or even longer, can be given. It is possible to give, 
with a little practice, exposures of J second and upwards by 
hand ; still it is very great convenience to have a shutter with 
which exposures of several seconds can be given if it be desired. 

As to a good coefficient of light, I know of only one way of 
securing this in the case of shutters consisting of one or mor0 
openings crossing the axis of the lens. It is to have the open- 
ings long in the direction in which they move, and to compen- 
sate for this length by an increased rapidity of movement. 
To secure even difair coefficient of light the opening or open- 
ings should always be at least two or three times as long as 
the actual working diameter of the lens, and this particularly 
in the case of a shutter opening in the center by two apertures 
crossing each other. In this form of shutter, if the openings 
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be square and the diagonal of the square equal to the diameter 
of the lens, the coefficient of light is only ^ ; that is to say, 
the lens is only permitted to act with ^ the intensity actually 
due to its angular aperture, and tlie plate receives only ^ the 
amount of light that it would with a hypothetical shutter. 

A few words will be said farther on as to the best actual 
Ibrin of aperture which secures the best coefficient of light — 
considerable length of aperture being pre-supposed — in the 
case of a single moving part. 

I have already stated that it is more difficult to secure 
immunity from the shaking of the camera by the lens during 
the exposure than might be imagined. 

In the light of what has just been said, we shall briefly con- 
sidered several of the most efficient shutters commonly used, 

I must, first of all, however, say that I have spoken of shut- 
ters only as placed before or immediately behind the lens, or 
between the combinations, because the vast majority of shut- 
ters work in one or other of these positions. There is, how- 
ever, one shutter which works, not near the lens at all, but 
close to the plate. This is the curtain shutter of Mr. B. J. 
Edwards, and it has certain advantages over any other form 
of shutter. It consists of a curtain of a flexible opaque mate- 
rial, which is made to move rapidly across the plate by being 
rolled off a roller at the top of the camera on to one at the 
bottom. Those who know the structure of any "roll-holder '^ 
or roller slide, or who consider how a panorama is worked, 
will readily understand what is meant. There is a slit in this 
curtain transverse to the direction of its motion. This slit of 
course lets light pass. There is an arrangement whereby its 
width can be varied so as to admit of varying exposures. 

It may be said of this shutter that it satisfies all the condi- 
tions laid down, while it has one property peculiar to itself : it 
gives a better coefficient of light than any other shutter. In 
fact, it gives the hypothetical coefficient. 

On the other hand, the shutter is of necessity bulky — 
although it may be arranged so as not to add much to the size 
or weight of an already bulky camera — and it has a defect 
peculiar to itself. Although the exposure of any one part of 
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on a card or needle inserted in one or other of the slits, accord- 
ing to the length of exposure needed. * With a shntler made 
as shown, and proportioned for a lens of 1^ inch aperture, the 
exposure from the lowest slit will be about ^ second, from the 
top one about -^^ from the intermediate one something abotiC 
half way between these two. 

The annexed cut shows the form of opening— due to Pro- 
fessor Pickering — which gives the best coeflScient of light with 
a drop shutter. 



IZI 



Fig. 63. 

The next shutter I would mention is WoUaston's diaphragm- 
atic. It consists of two disks revolving in opposite direc- 
tions, between the combinations of the lens, on the same 
center. The apertures are long in the direction of motion, 
and the opening is in the center of the lens. The shutter 
fulfills all the conditions laid down, and has the advantage 
over most shutters, working between the combinations of the 
lens, that the continuity of the lens tube is not broken, so that 
there is no liability to disturbance of the " centering " of the 
lenses, a thing liable to occur, from the warping of the wood, 
in those forms of shutters where the combinations are screwed 
on to opposite sides of a wooden casing or framework. More- 
over, the shutter provides for the use of diaphragms while it 
is being used as a shutter. The exposure may be varied from 
-j-^ second to several minutes. The only drawback that 
attaches to the diaphragmatic shutter is, that it is somewhat 
heavy and bulky. This defect has been, in a great measure, 
remedied in recently constructed instruments. 

Another form of shutter is constructed on the principle first 
laid down by Noton, who, so far as we know, was the first to 
suggest two parts moving in opposite directions at the same 
time, and securing an opening on the axis of the lens. 

In point of construction and detail the shutter made by 
Messrs. Sands and Hunter is a great improvement on the 
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Koton. It fulfils all the conditionfl Uid down, except that of 
giving a good coefficient of light, and this coold easily be 
Becored br a slight modification of conetraction, which, how- 
ever, wonld probablj make it impoaaible to get quite snch 
ebort expoenres as caa be made with this shatter in its present 
form. This shutter is a great favorite with many, and excel- 
lent work has been done with iL 

Mention has already been made of a shutter by Gotz, 
which is of the " go-and-retnm " pattern, bnt in which the 
impulse otlierwise given to the camera at the time of reversal 
of the motion is compensated. A cirenlar disk is moved np 
and down by a link actuated by a pin near the circumference 
of a revolving disk. By weighting the revolving disks at one 
side, an impulse is given which compensates that given by the 
reciprocating disk. The writer has need a shutter of this pat- 
tern of latge size, and has found it very convenient. 
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Having just concluded an arrange- 
ment with James Swift & Co., of 
London, for the exclusive sale of their 
unrivaled photographic objectives in 
the United States, we take pleasure in 
announcing that we shall soon have 
all their various lines of Lenses in 
stock, and that a forthcoming cata- 
logue is now in preparation and will 
soon be ready for distribution. 



The Scovill & Adams Co. 



Waterbury Lenses. 




The unprecedenled success which has everywhere resulted from the 
employment of Ihe Walerbury Lenses, for 4nB and 0x8 plates respectively, 
induced Ihe Scovill Mfg. Co. to extend Ihe series of this fa vodle objective. 
The popular C Walerbory Lens gave an opportunity for producing SkJO 
and even 10x18 photographs with the sharpness, detail and brilliancy of 
the smaller sixes, but after its advent there was still a gap between the 6x8 



and 8x10 sizes. The desire to see the Waterburj- 

lo the production of Ihe BB Waterbury Lens, which ( 

ever-popular 4-4 size) to the extreme edges. In futi 

phragms will be supplied wilh all of Ihe Waletbury Le 

cut (wilh mathematical accuracy) openings in value J, 

respectively. 

The Walerbury Lenses are composed of a biconvex i 
cemented to another lens of the plano-convex form, m; 
selected tlint glass. 

Owing lo the great advances in the sensitiveness of i 
the Waterbuiy Lenses are now commonly used for group: 
taneous views, with the Scovill Safety Shutters, described ( 
No better teslimony can be given to the excellence and reliability of Ihi 
objectives, and the mathemalical accuracy wilh which they are made, tha.n 
that deduced from Ihe recent test made of 3112 lenses of the C series, in 
which large number only two lenses difiered at all In focal length of 
luminous power from the others. 



mpleie had led 
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Ision plates, 

d for insian. 

n another page. 



A, Single, for 4 x 5 plate l^ . 

A, Matched pair, stereoscopic 

B. Single, for B x 8 plate 1\\ . 

B, Single, for 5x8 plate, with patent 

instantaneous Shutter 

BB, Single, for 6^x81^ plate Ifi . 

C, Single, for 8x10 plate 2% , 



. $3 50 
.. 7 00 
. . 4 GO 

. . 5 BO 
.. 6 00 



The ScoYill Economic Lenses. 



A. 



These Lenses are intended to fill the want 
xperienced by thousands of successful workers with 
he Waterbury Lens for a good, low-priced Recti- 
finear Wide-Angle Lens, whereby they can gain 
trtistic effects in perspective at short distances. 



Price Scovill Economic Lenses, 



^^^r So. 


.„.,„.„. 


BackPoou. 


EqulTBtenl FoGlu. 


1™. J 


1 


6'AKsy. 

8x 10 


5 inches. 

6 " 
8 ■■ 


5 >^ inches. 
S'4 " 


$12 00 
15 00 
20 00 


L 
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Morrison Wide-angle View Lenses. 



<^9HB^ 



These Lenses are absolutely rectilineal ; they 
embrace an angle of fullj 100 degrees, and are the 
most rapid, and are universally conceded to be tbe 
hesi wide-angle lenses made. 
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.1 inch. 


3i I 41 inch 


. a inch, each 


♦30 00 
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36 00 
80 00 
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SO 00 
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.30 xS4 


.22 ■' " 


80 00 




.25 I 30 ■• 


.28 ■' " 


100 00 





tW Nos, 1 lo 6 are all made in matched pairs for stereoscopic work. 
The shorter focused Lenses are especially adapted for street and other 
views in coafioed siiualions. For general purposes, a pair of No. Lenses 

will be found most useful. 

We desiie lo call your altenlion lo the 

Morrison Combination Wide-Angle Lenses. 

The acknowledged superiority of the Morrison Wide.dn2le Lenses, 
and the desire of photographers to have a number representing the various 
focal lengths in as compact form as possible, rendered it necessary for 
Mr. Moriison to devise a scheme for combining the various foci in one 
fnsirumeni. This he did a year or two since, and his " Combimition " 
Lenses are now in great demand. 

An elegant morocco case, velvet lined, four and a quarter inches long 
by two and a half wide by one and three-quarter high, contains one ei^ht- 
Inch Wide-angle Lens in i(s usual brass mounting, with revolving 
diaphragm, and a set of Lens Cells of four, five, six, and eight inches focal 
length respectively. These Lens Cells are interchangeable, and the 
operator Is Ihus possessed of one Lens Combination by which he secures 
focal length of four, five, six, seven and eight inches, and hence is fully 
equipped for interior and exterior work from 4x5 to 8x10 in the niosl con- 
fined situations, or for landscapes al neatest and greatest distances from 
the point of observation. 

The device is so simple that it will be readily understood from the 
following explanation. Put in Cells as follows ; 
From, Bacli. 
" with 4 for 4-inch Back Focus. 



Thus the operator combines five focal lengths in one Lens. 
These Lenses if purchased separately, would cost in the aggregate 
*180, thusaaavingot $5SiBefiecied. 

No. 1, price complete in morocco case |75 00 

No. 2, combining four, five, and six inches focal lengths. . . C5 00 
4 



^NSTANTANE LENS. 

Vitb AInniJiiaiD Koant and Iris Diaphragoi. 




The several lenses which form [he combiaaiion at the 1nsuoian£ are 
Srouad from the newly invented Rlass which has found such prompt 
recognition In Europe. By reason of rhe ciyslaline purity and whiteness 
of this glass, (he Insianian^ will be found lo answer the most difficult 
requirements in Sfitrd, and to work Gatisfactonly when others fail. 

Having such a remarkably britliam, yel soft illumination, this lens will 
lie found vastly supeiioi to all others of the Rectilinear class for Portraits. 
Used with the full opening, it lakes a portrait of very superior quality. 

The Instantan^ Lens is perfectly Rectilinear, and entirely free from 
ssifgmaiism, even when used with its full aperture. It has the most re- 
markable depth of focus ever produced in any lens of the character. 

The Instantan6 is one of the few lenses that arc really Aplanatic. It 
is guaranteed not only to cover the size piate for which it is sold, but to do 
Ibis without the least loss ot dehnition on the edge of the plate. 

It has a good field, although not so forced a capacity as some, resulting 
in a considerably larger image of the principal object than any other lens of 
its size would yield, besides absolute freedom from any distortion whatever. 



Price List of Instontane' Lenses. 



No 9, for 5 X 8 si 
No. 8, " B^x 8^ 
No. 4, 



..£30 00 
.. 35 00 
. . SO 00 




SCOVILL'S PORTRAIT LBNS, 

For 8^x4^ and 4x5 Portraits, or in pairs for Stereoscopic Views 

on 5x8 plate price each, $8 7& 



ScoTill's "Peerless" Qnict-ictii Stereoscopic Lenses, 

FOB POBTRAinTBE OB VIEWS* 

These Lenses are especially designed for Stereoscopic Photograpb3r, 
and are so constructed that they will work well for interiors or exteriors. 

They are particularly adapted for instantaneous work. 

Diameter of Lenses, 1^ inch ; focal length, 8}^ inches. 

By removing the back lens and substituting the front combination a 
focal length of 5^ inches is obtained. 

They are supplied with six Waterhouse diaphragms in morocco case. 

Price, per pair $26 W 

Imitation Dallmeyer Lens each, 9 5(^ 

Lenses, matched for Stereoscopic Work, per pair, 17 00 




Darlot Wide- Angle Rectilinear 
View Lenses. 

rhcso Lenses embrace an angle of 90 deg., and are valuable for 
taking views of buiKUnjjs, interiors, etc., in confined situations, where 
ihose ot longer focus cunnot be used. 

Buck b\vus. Size View. Price. 

No I ^^ inches For Stereoscopic Work, each $13 60^ 

*. ;j' 3 •» *• •• •* 15 00 
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Darlot Kapid Hemispherical View Lenses. 

rhe*e Lenses embrace an angle of from 60 to 75 degs.; are quick-act- 
ing. v^eitectly tectilinear. and provided with central stops. Will be found 
veiy tine lenses tor landscapes and outdoor groups ; also for copjring en- 
gravings, maps, architectural subjects, etc. 

lUck KvKUH, Size View. Price. 

No. L ^S iiubes 5x 6 116 Oa 

.. 2 9 *• 5x8 26 00 

8* low - ' 8x10 86 oa 

l\l4: - 10x14 6000 

No. 1 can be had in matched pairs for Stereoscopic Work. 
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DESCRIPTION AND PRICES 



GUNDLACH RAPID RECTIGRAPHIC. 


No. 


Size of 
Plate. 


i,enacs. , Focus. 


Back 

Lens. 


Focus of 
FroTil 
Lens. 


Price. 




Sl^xiii 


Hin. ! 5 in. 


8 in. 


11 io. 


$14 00 










«k 




10 




13^ 




20 00 


1^ 


t^xHii 










11 






26 00 
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28 




88 00 
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20K 




28 




50 00 




10 xl3 






16 








34 




64 00 




11 lU 




19^ 




39^ 




»»H 




76 00 




14 xl7 
















100 00 


« 


IT xSO 


8!| " 28 " 


41 ■ 


66 " 


125 00 



The brilliancy of the image and especially the flatness of 
iield and fine definition at the extreme margin of the plate 
place these new lenses decidedly ahead of any others. 

The two triplets constituting the new lenses are of different 
focal lengthy the back lens having a much shorter focus than 
the front lens, and their relative curvatures are so calculated 
as to secure perfect optical (not geometrical) symmetry of the 
compound, and at the same time, to form perfect achromatic 
and aplanatic objectives, for themselves, if used singly. This 
novel plan offers the important advantage that these new 
lenses now in fact contain or consist of three objectives of 
different powers or focal lengths, which are of the following 
approximate proportion : 

Equivalent of Compound 2, 
Back lens alone 3, 
Front lens alone 4, 

thus giving, on the same plate, pictures differing in size about 
as 2 to 3 to 4. To use the back lens alone the front lens is to 
be removed and the hood screwed into its place. To use the 
front lens alone, the back lens is to be removed and the front 
lens screwed into its place. The focal lengtlis of the compound 
and of each separate lens are engraved on the mounts of the 

lenses. 
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STEIUHEIL LENSES. 



Quality, not quantity, governs in determining the price of lenses. By 
an examination of the following price list, which supersedes all previous 
ones, it will be seen that Steinheil lenses are sold lower than any first-class 
lenses with which alone they may be compared.. The introduction of 
Steinheil lenses marked an important advance in photographic optics. 

HOW TO SELECT A 8TEINUE1L LENS. 

In order to meet the various requirements, and to insure in each special 
case as perfect work as possible, we make lenses of different construc- 
tions. 

Our lenses are divided into six seriesy presented in the order of their 
respective rapidities. Each series begins with No. 1 for the smallest size, 
and continues upwards. To avoid errors, it is therefore necessary in 
ordering to quote both the number of the series and \he number of the 
lens in the present catalogue. 

All our lenses are rectilinear and are strictly corrected for spherical 
errors and chemical focus. 

They are free from disturbing reflections, and strongly illuminated ob- 
jects can be taken with them without producing flare or light spots. They 
are, moreover, constructed so as to give the greatest possible equality of 
definition over the whole picture. 

In focusing with these lenses always use largest stop and focus on 
object of chief interest. Then without changing focus insert proper dia-, 
phragm to secure depth in foreground and background. 

The scientific basis of our establishment and the precise methods em- 
ployed both in the manufacture of our astronomical and photographic ap- 
paratus, enable us to produce lenses of such uniform acccuracy, that the 
means of most vigorous testing at our command fail to reveal any diflfer- 
ences in the instruments we send out. 

We make it a special point never to supply a lens which is capable of 
improvement at our hands. 

According to the principle involved in their construction, our lenses 
are divided into two classes, viz : Antiplanetic and Aplanatic, 

Antiplanetic Lenses. 

(Patented in United States and Europe.) 

Briefly stated, these lenses which are the result of a series of calcula- 
tions extending through seveial years, are composed of two non-symmet- 
rical combinations each of as great but opposite faults as possible, which 
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correct each other. One combination has a shorter focus than the objec- 
tive as a whole, and the other has a negative focus. The combinations 
are placed closely together. 

By the peculiar construction, as described above, diflering widely from 
the usual forms, it has t>cen possible to correct to a considerable extent 
the hitheno greatest defect in photographic objectives, viz., "Astigmat- 
ic," and the consequent rapid decrease of definition from the center to 
the margin of the picture. 

The result is greater sharpness and depth distributed more equally over 
a larger and strictly even picture, before any decrease in definition is per- 
ceptible. 

Illumination, too, is more evenly distributed in consequence of lenses 
being proportionately nearer together. 

These properties allow the lenses to be worked with full aperture or 
large stops, and gives them great rapidity of action. 

The perfectly correct delineation produced by the anti planets render 
them particularly suitable for enlargements as well as for dissolving view 
apparatus. 

If small and sharp originals are taken, and subsequently enlarged, 
depths are obtained which would be unattainable in larger pictures taken 
direct with same amount of light. For this purpose, which will probably 
play an important part in photography, the antiplanets are specially suit- 
able. 

In making enlargements the front lens of the antiplanets should always 
be turned towards the enlarged picture, and the back lens towards the ob- 
ject to be enlarged. 

This construction is designed for strictly even and correctly deline- 
ated pictures, and all tiltinR of the camera should be decidedly avoided 
and a movable lens board used instead. 

The antiplanets are made in two series : The portrait antiplanets 
(Series I.) and the group antiplanets (Series II.), the latter being, however, 
also excellent dry plate portrait lenses. 

Aplanatie Lenses. 

These lenses consist of the original and now well-known symmetrical 
and rectilinear combinations, invented by Steinhkil in 1868 but not 
patented. They are made in four series, each of which is especially 
designed for a certain class of work. Their capabilities and object are 
fully explained below. 

The lenses of Series V., also Series III., No. 1; Series IV., Nos. 1 and 
2 have rotary diaphragms. 

All the other lenses are furnished with Waterhouse diaphragms in 
morocco case. 
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8TEINHEIL LENSES. 

Series I. — Patent Antiplanetie Portrait I«eiuit 




The rapidity is the same 
as in the usual Portrait Ob- 
jectives, but there is more 
equality in the distribution 
of sharpness and illumina- 
tion over the picture and 
greater depth. Contrary to 
the ordinary Portrait Ob- 
jectives they produce per- 
fectly correct delineation. 
Designed for Portraits^ En^ 
largemenis, and Dissolving 
Vi€w Apparatus, 



Series I. — Patent Antiplanetie Portrait Lena. 



No. 



1. 

la 

lb 

2. 

8. 

4. 



Aperture, 
Inches. 



% 

6H 



Focal Lengrth, 
Inches. 



2 

28f| 



Plate, 
Inches. 



Locket-Size. 
1-9 plate. 
1-6 plate 
Carte de Viste. 
Cabinet. 
Boudoir up to ^ 
life-size. 



Price. 



$25 00 
50 00 
75 00 
100 00 
165 00 
880 00 



Special quotations for larger sizes. 



Series II. — Patent Antiplanetie Group Lens. 




\ I 1 1 mmii»i..fflH irt 



I mmimiium 



New in principle and construc- 
tion, consisting of two non-sym- 
metrical cemented pairs, placed 
closely together. It is rectilinear, 
.^ and is remarkable for its power- 
ful and even illumination and 
sharpness. In rapidity, it is only 
excelled by the regular and ex- 
pensive portrait combinations. 
Recent improvements in the 

mounting of the lenses of this 

"""^ Series make them still more com- 
pact than formerly and allow the 
front hood of lens to screw oflf un- 
covering a screw thread which 
can be very conveniently used for adjusting lens to detective cameras^ 
shutters, prisms or other appliances. 

Designed for Portfaits^ Groups ^ Architecture^ Landscape y Instantaneous 
Work and Enlargements, 

Dnex celled for Flashlight Portraits and Groups, 
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No. 


Aperture, 
Inches. 


Focal 
Length, 
Inches. 


Size of Portrait 

or Group, 

Inches. 


Size of View or 

Landscape, 

Inches. 


Price. 




1 

♦1^ 

2 

*2d 

8 

4 

5- 

6 

7 


lf-16 
13-16 
1 

1 8-16 
1 5-16 
1 11-16 

8 1-16 


1^ 

108 
14Ji 

17k 


l?^x 1% 
8Jix3Ji 
4}^x3>i 

5x4 

5Kx4Ji 
7x5 
8Jix 6Ji 
10 X 8 
12 xlO 


2x2 

43^x8}^ 
4J^x83^ 
5x4 
5J^x4Ji 
7x5 
8Jix 6K 
10 X 8 
12 xlO 
15 xl2 


$18 00 
21 00 
25 00 
28 00 
88 00 
87 00 
48 00 
60 00 
95 00 

140 00 



* Special Detective Camera Lenses : No. 1 d for plates, 4}^x83^ ; No. 
2 d for plates, 5x4. 

Nos. to 8 are made in matched pairs for Stereo Work. 

Shutters of any desired make will be fitted to our lenses at manufacturer's 
i>rices. 



Series III. — Improved Aplanatie Lens. 



The prototype of all rapid 
symmetrical and rectilinear 
•combinations. Is now made 
with increased illumination 
and rapidity and guaranteed 
fully equal or superior to the 
most expensive lenses of its 
kind. Next to the Antipla- 
netic Group Lens, Series II., 
it is the best lens for general 
work. 

Nos. 5 to 10 inclusive of 
this Series are now furnished 
to order with an attachment 
allowing the distance be- 
tween front and back com- 
binations to be adjusted either for direct negatives or for copying from flat 
•surfaces, thus practically giving the operator two lenses in one. For 
direct pictures approach the two combinations as near as the mounting 
will allow, and for copying separate them in the same manner, whereby 
the lens loses in depth and gains correspondingly in flatness of field. 

Designed for Portraits^ Groups, Architecture, Landscape and Instcm' 
taneous Work. Also Copying, if used with extension as above. 
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Aperture. 


No. 






Inches. 


A • • • ■ ■ ■ 


H 


2 


% 


8 


1 


4 


IM 


4^ 


1 ^16 


6 


1 11-16 


6 


2 1-16 


7 


m 


8 


2 16-16 


9 


8 7-16 


10 


4 »-16 



Focal 

Lenfrth, 

locoes. 



If 

21 &-16 

25 

88 



Sixe of Portrait 


Size of View or 




or Group, 


Landscape, 


Price. 


Inches. 


Inches. 




For en 


larging, 


$18 00 


8Jix8}i 


4J^x8J^ 


18 00 


43ix83i 


5>ix4Ji 


26 00 


5^x4^ 


7x5 


82 00 


7x5 


8Kx6K 


88 00 


8>ix 6K 


10 X 8 


44 00 


10 X 8 


12 xlO 


67 00 


12 xlO 


14 xll 


86 00 


17 xl4 


20 xl7 


126 00 


20 xl7 


22 xl8 


166 00 


22 xl8 


24 x20 


245 oa 



Nos. 2 to 4 are made in matched pairs for Stereo Work. 



Series IV.— Rapid Wide An^le Aplanat. 




Angle about 75 deg., and 
covering a larger field than 
the lenses of Series III. 
Effective aperture about f. 
10. Specially designed for 
Landscape Work and Archu 
tecture, but can also be ad- 
^ vantageously used for /7flj^- 
light Intefiofs and Copying, 



Series IV. — Rapid Wide-Ang^le Aplanat. 





Aperture. 


Focal 
Length. 
Incnes. 


Size of Picture. 




No. 

• 


Full Aperture. 
Inches. 


Smallest Stop. 
Inches. 


Price. 


1 

2 

« 

4. 

5 

6 

7 


1 

1* 


1^ 
ti 

28^ 


2 x2 

8Jix8}i 
5 x4 
7 x5 

12 xlO 
17 xl4 


8Mx8Ji 

4Jix3M 
7 x5 

8Jix6K 
12 xlO 
17 xl4 
24 x20 


$18 00 

21 00 
26 00 
82 00 
4400 
86 00 
160 00 



It is frequently desirable to get a picture from a given point and to 
get it just the size to cover your plate, or of any other given size with- 
out changing your position. This can only be accomplished by using ob- 
jectives of different foci, by which you can reduce or enlarge the image at 
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will. For .this work we have arranged a Sft 9/ Four Single A^lanais, 
fitting in the same flange, aperture 1 in., covering 8^x0}{ with full aper- 
ture, and 12x10 with smallest stop. 

Used singly and hy combination among themselves seven different 
foci are obtained as follows: 



II in front with I behind, 1% in. 
ill " *' '* II •* 10% ** 
I single, - - 125i - 
IV in front with III behind,18 



<« 



II single. 


16X in. 


III *' 


- 20J^ " 


IV •* . 


- ^W 



Price in neat lock up case, $85.00. 
Sets of any class and size of Aplanats made to order. 



Series V. — Extreme Wide-Ann^le ApUuuit. 




The proportionately short 
focus and large angle (about 
100 deg.) of these lenses make 
them particularly adapted for 
Interiors f Architecture^ and foi^ 
^ very high, broad objects taken 
from short distances. 



No. 


Aperture. 
Inches. 


Focal 
Length. 
Inches. 


Size of 

Sharp Pictures. 

inches. 


Price. 


1 


3-16 
5-16 
7-16 
9-16 
14-16 


16 


5 x5 

7 x7 
lOJixlOJi 
133^xl2Ji 

18Kxl8K 


$26 00 


2 

3 


80 00 
42 00 


4 


61 00 


5 


93 00 



Special quotations for larger sizes. 



Series VI.— Wide-An^le Aplanat for Copsrin^ • 




These lenses give perfect flat- 
ness of picture and sharpness of 
definition, and have at the same 
time a considerable field. De- 
signed specially for Copying 
Maps, Charts, Drawings, PainU 
ings and Engravings and PhotO' 
mechanical work generally. 



Series VI*— -Wlde-An^fle Aplaiuit for Qopjiag. 



No. 



1.. 

2.. 

8. 

8^. 

4. 

5.. 

6. 



Aperature. 
Inches. 



1 



Focal Length. 
Inches. 



18 
28! 




88H 
56 



Size of Sharp 
Picture. 
Inches. 



10 
18 



10 X 
18 X 
17^ 17 
20 X 20 
24 X 
28 X 
84 X 



24 
28 
84 



Price. 



176 00 
106 09 
146 00 
210 00 
820 00 
640 00 
700 00 



Special quotations for larger sizes. 

// is only a few years since this lens has been brought to the notice ofphot^^ 
mechamcat establishments in the United States^ but it was at once recogm%ed 
as the very best lens for their work for which it has been specially designed. 
To-day this lens is found in every establishment where the production of the 
highest class of work is the first consideration. 

As a result of our experience we beg to point out particularly the 
necessity of avoiding the slightest vibration during exposure, when it is 
desired to obtain the eztremest sharpness of picture which these lenses are 
capable of producing. It is also advisable not to use too small a dia- 
phragm as the diffraction caused thereby veils the picture. 

For obtaining inverted negatives, without stripping the film, we have 
designed the Prisms of Series VII. which can be fitted to the above or any 
other lenses. 



Series VII,— Prisms. 

These prisms are made 
of one solid homogenous 
mass of glass, with silver- 
ed hypothenuse. 

They are centered in 
their mountings and ad- 
justable to pur lenses 
simply by unscrewing the 
hood of the lens and 
screwing the prism in its 
place. 

With every prism is fur- 
nished a rotary flange with 
set screw, allowing the 
prism to be turned and 
fixed at any angle to the 
horizon. Designed for making Inverted Negatives without stripping the film* 
Also for special and scientific work. 
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\ 



Draw I ing. 



X 



Series VII.~PriBiiui. 



No. 


* 


To work with Lenses as follows . 




Price. 


1 


Ser. III. 
Ser. V, 
Ser. IV. 
Ser. III. 
Ser. 11. 
Ser. IV. 
Ser. II. 
Ser. III. 
Ser. IV. 
Ser. II. 
Ser. VI. 
Ser. III. 
Ser. III. 


No. 2, Ser. IV. No. 8, Ser. IV. No. 
No. 1, Ser. V. No. 2 


4 








$87 00 
41 00 


2 


No. 5, Ser. V. No. 8, Ser. VI. No. 
No. 8, Ser. VI. No. 2 


1 


8 




45 00 


4 
5 


No. 2, Ser. III. No. 4, Ser. V. No. 
No. 6, Ser. V. No. 5 


4 


C7 00 
68 00 


6 


No. 8, Ser. VI. No. 8 




80 00 


7 


No. 5, Ser. VI. No. 3^, Ser. VI. No. 
No. 7 


4 


110 00 


8 




125 00 


9 

10 


No. 4, Ser. III. No. 6, Ser. VI. No. 
No. 6 


5 


155 00 
185 00 


11 


No. 7 




287 00 


12 


No. 8 




493 00 











No charge made tor fitting the above Prisms to Steinheil Lenses. For 
fitting to other makes of lenses the labor will be charged for at cost. 



Series VIII. — Aplanatic Focusinfif Ifenses. 

These are a combination of three lenses, so constructed that, at a con- 
siderable focal distance and large field, they produce an even, undistorted 
picture, achromatic both inside and outside of the axis. 



No. 


Focal Lenfi^. 


Linear Magnifying Power. 


Price. 


1 


2M in. 

1% •* 
1 


about 8^ times 


$12 00 
10 00 


2 


" 5 '* 


8 


" 8 " 


8 00 











Ross's Lenses for Cabinet Portraits. 

These Lenses have a flat field, and give remarkably brilliant pictures. 
They have Waterhouse Diaphragms and rack-and-pinion movement. No. 
2 will cover 6J^x8J^ plate. No. 3 will cover 8x10 plate, and are very 
quick workers. 

No. 2.— The Lenses, 8^ inches clear aperture, 8 inches focus ; should be placed at 

18 feet from sitter $140 00 

No. 8.— The Lens«>s, 8^ inches clear aperture, 10 inches focus ; should be placed at 

ao feet from sitter 156 00 

Are in use in many galleries in the United States, to the exclusion of 
all others. 

Ross's Rafiid Symmetrical Lenses. 

For Groups, Views, Interiors, Copying, and every kind of out-door 
photography. Giving an angle of from 50 to 80 degs. The ** Rapid ^m- 
metricals" being aplanatic, work with full aperture, and are, perhaps, 
the best and most useful Lenses an amateur or professional photographer 
can possess for general out-door purposes. 
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Size View. Sixe Group. Dtun. LesMt. BquiT. Foe S«tung. 

a 4Kx 8K Stereo K inch 45< inch $8t 00 

«5 x4 4Kx8K 1 ' ^' *^ 

7}ixA% 5 x4 1 

8 x5 1%x4t% IH 

8Mx^ 8 x6 IM 

10 x8 %%xt% IK 

12 xlO 10 x8 8 



14 

t( 
It 



41 
4« 



6 •♦ 


84 00 


75< " 


48 00 


8^ " 


40 00 


11 " ;:... 


S8 00 


.18 " 


08 00 


.18 " 


84 00 


18 " 


Off 00 


SK) ** 


, 118 00 


M ** 


148 00 


80 ** 

84 " .... 


800 00 

940 00 



18 xll 11 x9 8K 

15 xl2 18 xll 8^ 

18 xl6 15 xl8 8 

82 xl8 18 xl« 8K 

85 x82 82 xl8 4 

(a) These Lenses are supplied accurately paired for stereoscopic purposes. 

Waterliouse Diaphragms are supplied with these Lenses, as the aper- 
tures are too large to permit of Rotating Stops ; but the latter can be 
adapted, if required, at small extra cost. 

The Rapid Symmetrical Lenses are free from *' flare" and distortion, 
and give absolutely straight marginal lines, rendering them invaluable 
for all kinds of architectural subjects, dimly-lighted interiors, copying, 
enlarging, etc. They are also used for instantaneous work with great 
success. 

With smaller stops, each Lens covers the next size larger plate than 
that given, thereby greatly increasing the angle of view when desired. 
The two combinations being exactly similar, either can be used alone as 
an ordinary single Landscape Lens, the focus of which will be exactly 
double that of the compound. 

They are the best universal Lens made. 

Ross's Portable Sjmmotrleal Lenses* 

For Landscapes, Architecture, and Cop3ring, give wide or ordinary 
angles, according to the stop used. Since the discovery of photography, 
perhaps, no lens for Landscape and Architectural purposes has had so 
great a share of popularity as the Sjrmmetricals. This is doubtless attrib- 
utable to their extraordinary definition and flatness of field, as well as the 
exceedingly portable form in which they are constructed. They are much 
used by amateurs, and are great favorites. For photo-lithographic work, 
they are unequalled. 

No. Large Stop. Medium Stop. Small Stop. Equiv. Focus. Price. 

al 8 x8 4 x8 6 x4 8 inch $84 00 

«2 4 x8 ...5 x4 7Kx4K 4 '* 86 00 

«8 6 x4 7Kx4J^ 8 x6 ...6 

«4 75<x45i 8 x5 S%x 6% 

5 8 x5 8jix6K 9 x7 

6 8Mx6M 9 x7 10 x8 

7 9 X? 10 x8 18 xlO 

8. 10 x8 13 XlO 18 xll 

9 12 xlO H xll 15 xl2 

10 18 xll 15 xl2 18 xl« 

11 15 xl2 18 xl6 22 xl8 

12 18 xl6 22 xUO 25 x21 

(a) These Lenses are supplied accurately paired for stereoscopic purposes. 

Nos. 1 to 8, Rotating Diaphragms. Nos. 9 to 12, Waterhouse Dia- 
phragms. 

The first ten of the series, having their screws alike, fit into the same 
flange. 

These Lenses can be used with full aperture when only a limited field 
is required ; while with smaller stops a wide-angle is obtained. They 
work with about the same rapidity as the ordinary-angle Doublets, their 
largest aperture being about equal to one-sixteenth of their focus. They 
give straight marginal lines, and, in consequence of the combination being 
placed so close together (leaving only just room enough for the diaphragm^, 
they are absolutely free from distortion and flare. 
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5 *» 


88 00 


" 


88 00 


7 '♦ 


40 00 


8 " 


48 00 


9 " 


, 56 00 


10 " 


64 00 


12 " 


72 00 


15 " 


80 00 


18 »* 


06 00 


21 •• 


120 00 



Beck Autogiaph BectiUneai lenses. 



None genuine wiihoui this engraved on Ihe tube. 



These Lenses possesB qaalitlea entirely their owd. 




jl compact of any lenses ii 
ment to ihe landscape photographer 
heads, sharp and free from distort 
.leading galleries of the country. 



These Lenses are 

perfectly Aplanatic, 
covering with full 
aperture to the ex- 
treme comers the size 
e for which they 
designated in the 
it, and much larger 
tes when moderate- 
stopped down, 
ley are very rapid 

em particularly val- 
ible for instaniane- 

exposures ; are rigid- 

y rectilinear and 

lym metrical ; possess 

' ' tl penetra. 

I dehnition, 

the lightest 

ake life-size 






No. 


Sise of 
Plate. 


Diamei 
of Lens 


er Back 
BS. Focus 


Equiv'le 


"' Angle. 


Price. 


1 


8kx4Ji 


%in 


4Hin 


5 in 


76 o 


$25 00 










O^iin 


70° 


30 OC 


S 






8 ir 




64° 


35 00 


4 


flHx8H 


IJlin 




11 in 


070 


50 00 












68° 










leSi" 


16 in 


66 o 


75 00 


7 


11 xI4 




18 in 


66° 


100 00 


8 


14 xI7 


8 in 


n in 


34 in 


66« 


160 00 


9 


80 saa 


85iin 


27Kin 


30 in 


66° 


800 00 



Banscb 



the 







Imilariype. They »re of Ihe rectilinear, eon 
IL kinda of out-door phoiD^nphy. They : 

e blghni results. Tbe glass Is specially m 



!nl is absolutely I 
liaphragm ringfa 



iially h 

md carefully centered. 

undisturbed. By means of them tl 
without affteting the speed to any 



Irection with the best 
pound type, intended 
re in no manner an 
the re9ult of yean of 
inulactured for os of 
res and tbe practical 



y known Lens. : 
ind considerably lif 



e beloK 



any of the regular rectili- 
and right atopE. Unless 
ard rubber b eicellently 




that thej marli bd epoch in the 
in ot Alvsn G. Cbrlc. the 



^ 



Tlmei LfDH are of such quality 
cmBtmctioo of Photographic Ohjcctive 
celebrated manDfacturer of teEcKopes, a 
heretofore followed, and are as strikini 

Theae Lenses may be used with equal facility in three directions. 
1. To all work to which the Rapid Reclilioear type may be adapted, when they give 
an an^le of ahoul 00 d^;TC« and in which capacity we enumerate them under Li9t Nu. 1- 
a. To all work requiting a medium angle objecdve. as enumerated under LiH No. >. 
a. Then they may be used as Wide Angle Objectives, baving an aperture of nearly 
100 dcgreeis, and as which they may he used with larger stop than other specially 
Tbey are quite free from marginal distortion and 
to Lenses of this class. As Wide Angle Lenses ibey 



are quoted under List 

Hud ii irvtli-s lit ba. 

The Lenses are ui 

and are theiefore fret 



-.o/lhifr^^l 



lull la all-rw frci 



particularly suited to copying, enlarging ai 
portraiture, particularly for groups, covering the plates ft 
better than any others. Their characteristic 
high an order that we have no hesitailon ia 



Mhngk ctiutifitd undtr diffiri 






unusually compact and 

rk, and are Boperb for 
ey are rated nodeeablj 




Alvan G. Clark Lenses. 



LIST No. I. 

Working with Stop F. 7.5. 



No. 


KteofPLue. 


Diameter 

of 


Fdciu. 


Fqcm. 


Prite. 


™^phi= 


8 

^f 
la 

IB 
18 

22 


S X 8 

10 xia 

IS xlS 
18 xl8 
20 xa8 


1^ in. 

2li in. 
35! in. 
34 in. 
4^1 in. 


18 in. 
22 in. 
28 in. 


5 in. 
61^ in. 

18fi in. 
i6li in. 

19>i in. 
33?^ in. 
29}^^ in. 


(29 00 

80 00 
40 00 
60 00 
6S 00 
80 00 
110 00 
100 00 
210 00 


Abel. 

Abner. 

A Chan. 

Adam. 

Agaic. 

A 1 etna. 

Amaaa. 

Arab. 

Acbah. 



LIST No. 3. 

Working with Stop F, la.o. 



». 


SiK of PlalE. 


DUme<er 
Ibises. 


F^ 


Focui. 


Price. 


"?X" 


8 


4x5 


A in. 

Min. 


3»<in. 




$30 00 


Arbite. 


Hi 




4% in. 


R In. 




Abel. 




5^^SV 


Ji in- 


&'^ in. 


6>iin. 


80 00 


Abner. 


8 


10 xia 


l^in. 


7?iin. 


8^iin. 


40 00 


Achan. 


8H 




IJ^in. 


10?i in. 


11 In. 


50 00 


Adam. 


10 


ao x32 


13iin 


13!^ in. 


isk in- 


6li 00 


A gale. 



LIST No. 3. 
Worlcing with Stop F. 35 0. 



No. 


Size of Place. 


Diameter 
Ltlata. 


Back 


Focus. 


Price. 


'^'cSdl^'''' 


8 


5x8 






83^ in. 
61^ in! 


^00 
25 00 

80 00 


Arbite. 

Abel. 

Abner. 


8 


1 18 X 15 f 


l^ln- 


Win. 


8^ In. 


40 00 


Achan. 


8H 




IMm 


lOM in. 


11 in. 


SO 00 


Adam. 


10 


21 x35 


1'4 1«. 


nii in. 


18Ji in. 


66 00 


Agate. 



'TRIPLEX" SHUTTER. 




TWo-Tblrd SIsa t and fi SbaMer. 



The Triplex Shuller. as will be seen by the cul, is in some respecis 
similar to ihe " Duplex," the Shutter which has atiaiaed a world-wide 
repulatiOD, and is to-day the best aJl-tound shutler to be found. The 
Triplex has all its roechanisni on ihe face of the Shutter (except the two 
exposing slides in Ihe inside of the case, which ate of steel and cannot 
get out of order), and all of its three movecaents, TIME, SLOW IN- 
STANTANEOUS and QUICK INSTANTANEOUS, are pperaied by 
one pneumatic. Its method of opening and closing the aperture, by two 
oppositely pivoted slides swinging in opposite directions, ha!f way and 
stopped for Time e^iposuies, and a eotttpMe cmttinuoUB movement 
for Instantaneous, has never been equalled, It is far superior to any iris 
arrangement in its method of admitting light, and is the only way great 
rapidity without jar can be obtained. 

The Triplex will work from twice to four times faster than any shutter 
having an interrupted movement — as those which have slides or leaves 
which recede from centre or middle, to open, and return to close aperture. 
The Triplex, having but two exposing slides, there is much less liability (o 
derangement than in Shutters which have more, and in all its other features 
it is equally superior in point of simplicity, duiabtliij and reliability, to 
any known Shutter. 

The bhutter can be adapted to several kinds o 
impossible to adapt any other, and ne believe is 
can be handilyadapted into Detective Boxes, to be i 
bulb at pieasuie, and can also be reset and adju) 
without opening box, 

These Shutters are also made in a greater number of s 
other, which enables us not only to adapt Shutters to all si 
but, what is of much importance, to furnish a shutler with the most desir- 
able size of aperture corresponding with diaphragm of lens. Our Rotaiy 
Stops give facility of adjusting to proper stops while head is under cloti 
focusine ; or when wairing for an approaching object, if sun becomes 
clouded or it suddenly brightens, making a change of slop desirable, it can 
be made instantly. 

The method of making a TIME EXPOSURE is very simple. Air 
bulb is pressed and Shuller opens ; when pressure is relieved it closes uid 
is reset for another exposure. Any one who can count seconds can make 
Time exposures as accurately with this as with any Shutter with autornatic 
attachment. It frequently happens that an exposure which is intended to 
be quite a lengthy one, owing to a breeze starting— if landscape work — or 
some one of a group moving, it is desirable to close shutter quickly, With 



ses to which it is 
inly Shutler which 
sedbypush trip or 
It of spring made 

9 than any 




a set-tune Shutter this cannot be done, but with the Triplex it is done as 
quick as thought. With SLOW INSTANTANEOUS morement the 
quickness of exposure anywhere from i to ^ of a second ean be tnade 
'^uat as reqiHred^ at the very instant of making it. Too much 
stress cannot be laid on the advantages of this feature. There are Shutters 
with which very slow exposures can be made, but the exposure tnust be 
"What it is previously adjusted for; but with the Triplex, if in 
exposure on an animal, single person or group, the object remains quiet, 
the air bulb can be given a pressure so that as long as a quarter-second 
time can be g^ven ; but if it is restless and a shorter exposure is necessary 
to stop motion, by pressing bulb quickly the exposure can be made as 
short as ^ of a second. 

As shown in cut, Shutter is held in open position by spring for focus- 
ing. To adjust for TIME, simply unhook spring. For SLOW IN- 
STANTANEOUS, move hook 8 to upright position. For QUICK 
INSTANTANEOUS, hook on spring, throw in catch 1 and pull down 
knob 2, and shutter sets and locks. 

The Triplex is adapted to any style of Detective Camera. When so 
adapted it can be released both by a push trip and by pneumatic bulb, for 
Quick Instantaneous ; and for Slow Instantaneous and Time, by bulb 
only. Including Rotary Stops and necessary fitting to box, price $15.00. 
We require to have lens and box. 

The TRIPLEX STEREOSCOPIC fills perfectly the want of a Time 
and Instantaneous Shutter for stereoscopic work. It consists of two 
Triplex Shutters on one frame, operated by one lever and one release, and 
consequently gives two identical exposures. Made in two sizes. No. 1, 
^ inch opening, price $18,00. No. 2, Ji inch, $19.50. Lenses are 
arranged at Z}^ inches from centres, but this will be increased up to Z% 
inches for $1.00 additional. Rotary Stops, $2. Flange Collars when 
required, 75 cents. 

When no particular size Shutter is specified in order, lenses as a rule 
are adapted to Shutter having opening less than the largest diaphragm of 
lens. Thus a 6)^ x 8J^ lens is adapted to a No. 1 Shutter. Rotary Stops 
include ^i;6 openings, largest corresponding with opening in Shutter, four 
others such as are thought best. Requests for special sizes are, however, 
complied with when possible. Rotary Stops up to size No. 1, price $1.50; 
over that size up to No. 2A, $2.00 extra, but not furnished above 2A. 

Numbers 00 OA 1 lA 2 2A 8 8A 4 6 

Openings, in... M % 1 1% lli ik ik ik 2 2% 9^ 
Prices $11.50 isi.OO 12.50 18.00 18.60 14.00 14.60 16.00 18.00 20.00 22.00 

When flange collars are required, as on Ross and lenses similarly 
mounted, 50 cents extra. 

Shutters can be furnished for most standard lenses, fitted ready for use, 
but it is to the customer's interest to forward his lens tube, otherwise per- 
fect fit is not guaranteed. 

We are also makers of the popular Duplex Shutter. This Shutter has 
one feature that many like, which the Triplex has not. Time exposures 
are made by two pulsations of air bulb ; the first opening and the second 
closing the Shutter. With the added improvement of Silent Time and 
Slow Instantaneous movement (similar to the Time and Slow Instantaneous 
of Triplex), it has four methods of exposure, giving a greater range than 
any known Shutter. 

While we guarantee these Shutters to be the quickest Shutters made — 
working both Time and Instantaneous — and as quick as any purely Instan- 
aneous Shutters, we do not guarantee them quick enough to take, at short 
range horses running or trotting fast, and other extremely fast work. Foi 
this work we make a special Shutter, the '* Prosch Rapid," and this we do 
guarantee. We believe this Shutter to be the only one quick enough for 
this kind of work. Made in two sizes. No. 1, with 1 inch opening. 
$18.00 No. 2, with IJ^ inch openiner, $22.00. 
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ScoiiTiG^^lilstaiitaiieousSliutter. 

Thai (he sulislituiion of 3 pneumaiic release foi llie or- 
dinary iriggei on a wood drop-shuner greatly enhances its 
ralue, " goes wilhoul saying." 

The Scorill Time and Instantaneous Shntter 

la nttcd with Pneiiina,tlc Attachment. 

which may be worked at a considerable distance from ihc 
Camera, thus enabling the operalor 10 form part of a group 
or to be included in a view be is photographing. This 
Shutter may be used for either limed or instants - - 
posures ; the change is made by simply moving 
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SCOVILL UNIVERSAL SAFETY SHUTTERS, 

This Shutler is slyled Universal, not only because more 
of the Scovil] Safety Shullcrs are in use than of any other 
palleiD, but because it can be arranged with a variety of 
openings, from 3^ to 3 inches at the center, as shown b; 
the dotted lines of the accompanying illustration. Uni- Ti 
form distribution of light over the plale is insured bv the "^ 
form of opening. 

The breakes on all these Shutters 
make them safe to use, by preventing a 
recoil ivith the resulting double expo- 
sure, and the jarring common to many 
8 Shutters, which in time breaks apart the 
glasses of a Lens where cemented lo- 
gelher-hence the designation "Safety 
Shutters." 
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SCOVILL MAGIC FINDERS, 



Unequaled for Landscape Photogrraphy. 




iRDINARY FINDERS are ciuite unsatisfactory, on account of 
the reversed image which ihey refiect. While, with the camera 
this reversal may be regarded as unavoidable, it is certainly a very 
undesirable feature in the finder, for it greatly interferes with the 
jildgment of the operator as to the best arrangement of the desired 
picture. 

The ideal finder is the one having two negative lenses of rectan- 
gular form, mounted close together in a nickel-plated frame, on the 
bottom of which is a sliding piece, by which the finder can easily 
be attached to the camera. 

Looking through the finder from a convenient distance, say twelve 
inches, toward the view to be taken, the operator sees before him a correct, 
right side up, and delightfully brilliant and sharp miniature picture 
of the view before him, the little frame taking in the full picture pro- 
jected by means of an instantaneous lens on the ground-glass of his 
camera. Two circles, marked in the exact centres of the front and 
back surfaces of the combination, serve to enable the operator to bring 
any certain part of the view to the exact centre of the picture by 
placing the eye so that the two circles cover each other, and at the same 
time adjusting the camera so that the selected part of the view appears 
inside the circles. 

The Scovill Magic Finders are light, ornamental, easily adjusted 
and detached, and are now considered indispensable by successful 
view takers. 

_^ F-RIOE LIST. J«_. 



No. I, 


for 4 


X 5 Camera. 


- $150 


" a, 


" 5 


X 8 " 


I 75 


" 3. 


" 6^x 8^ " ■ - 


3 00 


■' 4. 


" 8 
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C. C. H. FOCUSING G-LASS. 

This is a desirable titlle Jnstrumcal for aiding the i 
ODcrator in getting a sharp focus. 

C. C. H. FOCUSING GLASS ^4 00 ' 

Daclol Focusing Glass 2 50 

ScovUI's Focusing Glass, each TS 0. C. H. GlaM. 

Save your eyes by using one of Ihese it 



WATERBURY FOCUSING GLASS. 




Waterbury Focusing Glass, Rubber each, $0 BO 



PEERLESS VIEW FINDER, Ekch, »1.60. 




"WATESBURY FINDER," 

Each $3.00. 

To Attach to Camera 

FOR 

Instantaneous Work. 



TO CLOSE OUT 



OUR STOCK OF 



PHOTOGRAPHIC INSTRUMENTS, 



WE OFFER THE FOLLOWING 



USENER PORTRAIT LENSES: 



9 1-4 size, - - - • at $i8 cx) c 


sach. 


4 1-3" ' 


* 20 GO 




6 1-2 *' - . - - 


* 25 00 




12-3** * 


* 40 GO 




14-4" - • - - 


* 45 00 




8 Ex. 4-4 size, . - - - ' 


* 100 GO 




I Triplet, - - - - ' ^ 


' 50 GO 




2 Rectilinear, - - . - • 


' 45 00 




I 4}( inch View Tube, - ' 


' 32 GG 




I Pair Stereos, - - - ' 


' 25 GG 




I 7 inch Condenser, - - ' 


' 12 GG 





The Tubes are nickel-plated and have central stops. 
Will send them C. O. D., subject to approval upon trial. 



CHAS. COOPER & CO., 



194 Worth Street, New York. 
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SGOYlIl SCiOPt 



88. I fiOOTILL BCIOPTIIOS, 

Coailelt viU Soibli EUli Carrlti, 

$30. 

Ho. 3 SCOVILL 8CI0FIIC0H, 

fiOapliM slth Egnble Ullli Ciirlsi, 

$60. 



K 


i 
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After Mpcrimenline with in 



Tbe No. 1 ScotTiL SciomcoN when packed (or 
measures IGxlDiS Inches, and weighs 12 pound;: tl 
when the lanlern is in nae. 

The Ca.<,k and Bopv of the Lantern are of Russi 
That part of the body which surrounds the lamp iE 
mentally perforated so as to allon' a constant current 
temperature. 



The I, 



triple- 



and by the drauRht of a 

The CONDHN3HR is foUT 

Uted.BBd arranged with ai 
when required. 

The CoBK. which carrit 



iriety, a 



I and optical eiperlmeaia, etc, 
;sl number of advaolaKBB, and 
j^ives. even in inejcperienced 



at and compact lo form, 
le three flames combine, 






.adiusi 



I, P 



The No. 8 StDviLL Sciop- 
and weighs 19 pounds. The nbjec 
aperture and IH inchet focus so that i 
a brilliant picture on disc eight feet 
pondingly more powerful than the la 



with the No. 1 Sciopt 



THE 



AMERICAN OPTIGAL COMPANY'S 




Kfher for Studio mm or for Ont-door Photography, 

HAS NEVER BEEN EXCELLED OR EYEN EQUALED. 



The Cameras excel in design, construction, and in fineness of 
finish. 

The Boston Imperial Camera is now the most popular of the 
numerous styles of Studio Cameras. 

Of the View Cameras, the Irving and Star Reversible Back 
View Cameras and the Revolving Back View Cameras are the 
most popular. 

In Hand Cameras and Amateur Outfits, the styles are so 
numerous that the latest catalogue must be consulted to get a 
fair idea of them. 

The American Optical Company's Apparatus 

Is sold by photographic merchants in this country, Canada, 
West Indies, South America, Australia, Great Britain, Russia, 
Mexico, and in many other parts of the globe. Consult the 
latest descriptive catalogue; it is sent without charge by the 
proprietors, 

THE SCOVILL & ADAMS CO., 

428 Broome Street, New Tork. 

Send for bargain prices of foreign specimen lenses, 
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Fac-simile of Bronze medal awarded 
at the Boston Convention of the Pho- 
tographers' Association of America, 
August, 1889, to The Scovill & 
Adams Co., for improvements in Pho- 
tographic Apparatus. 

This was the only medal awarded 
by the Association for this contest in 
which there were twenty competitors 
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)SCAPE PHOTOGRAPHY —By H, P.B 

I the Auihor's own phoiiuir»Wi» »" — 
Mc of Uie Ambor. Clolh bmind... 



I Ho. ji.-A DICTIONARY i 



APH v.— Finely lUmt 
PHOTOGRAPHY AK1>1 



V PHOTOGRAPHIC MeTHOUS.-Ilj 



Photographic Publications. 

(Selected from the ScotiII Catalogue of Books.) 

Pric», 
Per C5opj, 

THB LIGHTING IN PHOTOGRAPHIC STUDIOS. Published by Mr. P. C. 

DucHOCHOia, the Eminent I'hotnf^raphic Expert and Chemist, is a pamphlet 

cootaining' about loo passes, fully illustrated, and very valuable as a practical 

hdp to the professional photographer $07^ 

THB KNACK. — Written expressly to help the betrinner in peri>lcxity 25 

THE CHEMISTRY OF PHOTOGRAPHY. By Pk-.fkssor Raihaki. Mki.uoi.a.. 2 o.. 

HOW TO MAKE PHOTOGRAPHS.— C*)ntaininu lull instruction for makinf? 
Paper Nef^atives. Sent free to any practitioner of the Art. New edition just out. 

ART RECREATIONS - A f^uide to decorative art. Ladies' popular ^ide in home 

decorative work. Edited by Marion Kkmki.k .< ixi 

THE FERROTYPERS' GUIDE.— Cheap and complete. For the ferrotyper, this 

is the only standard work. Seventh thousand 7S 

A COMPLETE TREATISE ON SOLAR CRAYON PORTRAITS AND 
TRANSPARENT LIQUID WATER-COLORS -By J. A. Barhydt. Practical 
ideas and directions given. Amateurs will lenm ideas of color from this book 
that will be of value to them. And any one by carefully following the directions 
00 Crayon, will be able to make a good Crayon Portrait sn 

ART OF MAKING PORTRAITS IN CRAYON ON SOLAR ENLARGE- 
MENTS. (Third Edition.) By E. Lo.sr;. Price 1 00 

PHOTOGRAPHY APPLIED TO SURVEYING. Illustrated. By Lieut. Henry 

A. Rkxd, U.S.A. Cloth bound a 50 

THE PHOTOGRAPHIC STUDIOS OF EUROPE.— By H. Badkn PRiTCHARn, 

F.CS. Paper so 

Qoth 1 00 

HISTORY AND HAND-BOOK OF PHOTOGRAPHY.— Translated from the 

French of Gaston Tissandier, with seventy illustrations. Cloth bound, reduced to 7s 

AMERICAN CARBON MANUAL.— For those who want to try the carbon print- 
ings process, this work gives the most detailed information. Cloth bound 50 

MANUAL DE FOTOGRAFIA.— By Algi:stus Le Plongeon (Hand-Book for 

Spanish Photographers.) t no 

SECRETS OF THE DARK CHAMBER.- By D. D. T. Davie 50 

PADDLE AND PORTAGE.— By Thomas Sedcwick Stkelk. Illustrated 1 50 

AMERICAN HAND-BOOK OF THE DAGUERREOTYPE.— By S. D. Hum- 
phrey. (Fifth Edition.) This book contains the various processes employed in 
taking Heliographtc impressions. Reduced to 25 

MOSAICS FOR 1870, 1871, 1872, 1873, 1875, 1882, 1885, 1886, 1887, 1888, 1889, x&qo 35 

BRITISH JOURNAL ALMANAC FOR 1878, 1883, 1887,1888 25 

PHOTO. NEWS YEAR BOOK OF PHOTOGRAPHY for 1870, 1871, 1887, i88q, 

x8go 25 

THE PHOTOGRAPHER'S FRIEND ALMANAC FOR 1873 "5 

AMERICAN ALMANAC OF PHOTOGRAPHY 25 

THE NEW PRACTICAL PHOTOGRAPHIC ALMANAC 25 

m 

• • a 

111 
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THE PHOTOGRAPHIC TIMES ANNUALS 

A Record of Photographic Progress. 

Price, per copy, _ _ _ (o 90 

tilbrary Edllfoiii ..----., i nn 

EdlUon dc l.ii][e. 



00 

00 llVTiwseaul 



s centa extra, 



:, tif EraeBl Kd\ 

. , -^ -.3 EaatmaQ Oomt ^. 

A Sliver Prim, by QuBtav Cramer, of St. Loiita. 

Xvro HOBBtypes, by the Mdm Engraving Oompuiy. 
mrious Bubjoctit, by BO repre- 



Ic wriU-n of this c 



ConUlDB elEbt (8) rull-page hlgb-^rede Ulus 



,, written eipre«alr (or Ita pages, by tfae moi 
pbotograpDic writers of Europe and America. 



ir ninety {!M> origin^ ci 



A Plioto-I,ltIio|i:rapI>, 

A Pliolo-Copper-Plate EnKravlnK □ 



. by the Photo- 

1 Flutoriat Landscape Bubjent, 



ibe Engraving, wtlcb la lleeIC as One as an Engraring, 

A CtiannlniE Cblld Portrait, by Crosacup & WeaVa Improved process. 
Ttlree noBlttypea of popular subjects. And 

330 PAr,E5 OF VALUABLE INFORMATION. 



ENTIRE EDITION SOLD. 



Contains the Following Full-Page Pictorial Plates: 

" Tbotnas Edison." A Ponrait ot tbe Eminent Electrlclau. Gleorge H 



If HIalorio Views. ■ 



« Co.. New 

' Babyhood." a Tinted Fhato-aravure. Tbe PhotoJlra 
• pntnatn'B Escape." a CoU 

EngravlDg Company, Philadelphia. 
' Honlliern Fruft." Au OrthoLhroinatlo Study. 

Company. New York. 

■ Attbe BarrackB." 

■ IMInBtrel Party at 



o 

GO 






™ York 



B Home and Grave." 



" IHInnebaba Palis In Winter." Levytype Cl_, 

"Central Park." In tbe Menagerie. I. UVauNe«i,N 
"A Merry Tale." A Child Broup ~ " ~ " 



"Tbe Va 



RenSHelaer Manor House." 



Ib Eograving Co.. Bo«Km. 
- •■ w Vortt. 

□y, Philadelphia. 

Biphia. * 

Fboto-Electro EnrraTtns 

IdT Eogravbig Company. Philadelphia. 
1 In Howe's Cave. William ElirtI,V.Y. 
* ■■ Wolt.Dayton.Ohlo. 



"An improvlBed Htudto. 

" The Bats." A - Fldsh " Light Photograph ; 

" A Balder'B Resort." Morgan's Favorite . . 

'■ Group of Eagnlmanx." William Eurta, New York. 

'■ DlatotnB." Pbuin'MJcrograpbB. William Kuril, Kew Torn. 

>■ Tropical Laxurlance.'' A Scene In Flotida. Hon Engraving Oo., N. 

'■ An Arctic Camp." Hobs EngraTlng Company, New York. 

" Home of Edicar Allen Pae." Uoas Engraving Company. New York. 

NEARLY 400 PAGES OF READINCt MATTER. 



American Annual of Photography 

and Photographic Times Almanac 



LABOEE AND BETTEE THAN EVEE BEEOEE. 



0?ff mty-sii FULL-PA&E lUustrations. Orer One Hiumred Orininal ContribitioBs. 

PRICH XHC 8ABIH A8 V8VAI«. 

Ill Paper Covers, 50 cents. Library Edition (cloth bound), f z.oo. 

By Mail, 15 cents extra. 



aOMM OF THE BICTOKIAJj ILIjVSTBATIONS: 

A Pine Copper-Plate Engraving (Portrait Study). By the New York Photo-Gravure 

Company. 
** Attraction/' ^* Temptation/* '* Satisfaction,'* a series of three hunting pictures. By 

R. Eickemeyer, Jr. 
The Solar Eclipse (December sa, 1889). By Prof. S. W. Bumham. 
** Three Little Kittens." Bv William M. Browne. 
• • The County Pair.** By J. P. Davis. 
A Portrait of Prof. Burnham. Bv Hill & Watkins. 
** I Love *oo/* (a charming child picture). By Franklin Harper. 
Daguerre Portraits. (Nine portraits of J. L. M. Daguerre, including one never before 

published.) 
The Yacht " Volunteer/* Before the Wind. By H. G. Peabody. 
Finish of Race Between Taragon and St. Luke. By J. C. Hemment. 
•• Enoch Arden.** A Portrait Study. By H. McMichael. 
" The Life Claaa.*' By Charles N. Parker. 
Portrait Study. Bv William Kurtz. 

" The Regatta." Two Yachting Pictures. By A. Peebles Smith. 
A "Flash** Picture. (Interior.) By Horace P. Chandler. 
** Contentment.'* By Miss Emilie V. Clarkson. 
Old Mill on the Bronx River. By John Gardiner. 
** Sailing the High Seas Over.'* Ky Harry- Piatt. 
The Great Selkirk Glacier Pace. By Alexander Henderson. 
** Lightning.'* (Two Pictures.) By W. N. Jennings. 
** Down in the Meadows." 
*' Forest Shadows." By G. TH Witt. 
** In Chautauqua Wooda." By '' A Chautauquan." 
Hainaa Palls. By W. S. Waterbury. 

Besides many Pictures throughout the Advertising pages. 

(That Americans like the best of everything, and when the best costs the least 
they will buy it without urging. 
The more distinctively American such an article is, the greater will be their 
pride in it. 
It goes without saying that a full- jeweled watch is worthy of a good case, and 
that an Encyclop^ia should be bound in something more durable than 
, paper covers. 

\ The American Annual of Pbotofirrapliy is now in world-wide 
11 OT 1 favor, and commonly spoken of as an '"Encyclopedia of Photc^raphic 

■••" / Progress." 

I It shouM be ordered with cloth binding (Library Edition), as it has, both in 
ftfl D 1 ^vA\l. and importance, outgrown paper covers. Other books, containing no 

^•^ " \ more pages or information, sell for |d.(X). In attractiveness they will not 

\ compare with 

The Photographic Times Annual for 1891, which is the most profusely 
and handsomely illustrated Photographic Book ever published. 



"It makes this already valuable book simply invaluable.** 

A CYCLOPEDIC INDEX 



TO THE 



AMERICAN mm OF PHOTOORAPBY AND PBOTOGRAPflIC TIMES ALMANAC 

FOR 189I. 



16 CYCLOPEDIC INDEX. 



LiTMis— A colorinn^ matter derived from orcella tinctoria, a lichen. Its 
blue color turns red when in contact with acids. Alkalines restore 
the blue color a^ain 142. 

Li'iutiCATOK 848. 

M 

M\o.NKsu"M A metal of silvery white color, burns at a comparatively 
K^w temperature with extremely actinic and brilliant light 207. 

Mw.NKstvM Flash Light — Pure metallic magnesium reduced to fine 
powder. When blown forcibly through an intensely hot flame is 
instantaneously consumed and produces a hiehly actinic light, 
i^ri^tnally the magnesium powder was mixed wim substances evolv- 
iuK cKxygen, and when ignited produced a similar light 24,9, 207, 185. 

M\NUANKSK — A metal of dusky white or grayish color, very hard and 
aithcuU to fuse 176. 

M\srK- The resinous exudation of Pistacia Untiscus^ growing on the 
UUnds of the Grecian Archipelago, North Africa and Arabia. Yel- 
UtwisiJtx white drops or tears, soluble in alcohol, chloroform, ether and 
benjioW 105. 

MvYAii, S. E.- .\ native of Ohio, dyer by trade. Embraced daguerreo- 
tYVHi\|S at an early date. Established a studio in Philadeltmia, but 
ruugvat«\l tvt Kngiand, where he and his descendants are carrying on 
A luvr^uve business to the present day 28. 

Mkk vi^K. We tind the brothers Harry and Charles R. Meade in possession 
vkf a l>Atfuerreun studio in Albany, N. Y., as early as 1842. They 
rv|>«^ir«\l to New \ork city a few years later and had the first el^^antly 
Aiul MUUxptuouHly fitted up gallery at 232 Broadway, where their pro- 
sluviuuu atvHHl fvverat»8t 28. 

MiikK\^'KY Chiv»kiok, Mkkcl'kic Chloride, or Corrosive Sublimate. — A 
voUmU')Im« crystalline, semi-transparent mass, of metallic taste. It is 
Hvilublv iu water, alcohol and ether, and very poisonous 14S. 

MuK^oKvM'kk An vH^tical instrument, consisting of a lens or combination 
\»C leuiH'^ for e.xamining objects which are too minute to be viewed by 
UuMuktHleye 278,206,117,107,71. 

Mv>i Hs ^ i VK Helonging to, consisting of or residing in molecules 50. 

Mv>\v KU\»\i%N, Pk. U. von Of Ghent, Belgium. Born 1884, died 1882; 
\\4« AU CJicellent chemist and physicist, who devoted himself chiefly 
lo lUc '*ciomitic siivle of photography 94. 

MvkNw\ hKv^MK \M M>e color ...265. 

M»'Nu\ Okukks, Intkrsational 406. 

M*»ixv.u, I'kv***, Svmuki. F. B.— American inventor of the telegraph. One 
\>l \W c.iihciit exv^rimenters in photography, and more successful 
Ouu oihcvM \vt his contemporaries. He remained an ardent admirer 
\\\<\ iu\uuvaci \4. the art during the whole of his useful life 28. 

M\u v» Wuuoiu- l\KKi.Kii. 848, 

J4 PAOH8 IK ALrI«. 

n<U »• TEN CENTS. 

I .•! nU ii\ aW vlcAlcrs in Hhott^graphic Materials, or sent post-i>aid on receipt of price 

\\\\\ SCOVILL & ADAMS CO., 

423 Broome Street, New York City. 
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The Scovill PHOTOQR/irHic Lidrakt, 
Ho. 

Price, in a Box, $5.25. 

Lbcludes the following standard books in cloth binding 
Library Edition); 

"he History of Photography $1 00 

."he Photographic Instructor (Second Edition) i 50 

The Photographic Negative 1 50 

"Thotographic Printing Methods (Second Edition) , 1 00 

Tie Modem Practice of Retouching Negatives 75 

^e Photographic Times Annual for 1890 1 00 

$fi 75 

It will thus be seen that if the books were bought 

iparately they would cost $6,75, but purchased in the 

t'Librarj-" they cost only $5.25, and are neatly packed in 

1 strong box. An appropriate and practical holiday gift 

Efor a photographer. 




TWELVE 

PHOTOGRAPHIC 

STUDIES. 



A Collection of Photo-Gravures from Rep. 

resentative Negatives by Leading 

Photographic Artists in this 

Country and Abroad. 



THE COLLECTION INCLUDES t 

" Uawn and Sunset" From the Negative by H. P. Robinson. 

"Childhood" ■' •■ ' H. McMichael. 

" As Age Steals On '".... " " J. F. Ryder. 

" A Portrait Study " " '■ B. J. Falk, 

" Solid Comfort " " '■ John E. Dumonl. 

" Ophelia " " " H. P. Robinson. 

" No Barrier " " " F. A, Jackson. 

"EI Capitan" " " W. H. Jackson. 

" Still Waters "' " " J.J.Montgomery. 

"Surf" " " James F. Cowee. 

" A Horse Race " " " George Barker. 

" Hi, Mister, May We Have Some Apples ! " 

From the Negative by Geo. B. Wood. 

Printed on Japanese paper, mounted on boards. 
Size, UX14, tied with silk cord in a specially 
designed cover and put up in a neat paper box. 

PRICE, postpaid, - - $3.00. 

THE SCOVILL & ADAMS CO. 



Wilson's Pbotographic Publications. 



For Sale by The SoovUl ft Adams Company. 



PrJoe, 
FwOopj. 

WILSON'S QUARTER CENTURY IN PHOTOGRAPH Y.— By Edward L. Wn^ 

soM, PluD. " The best of evoytbing boiled out from all sources." Profoaely 

illustrated, and with notes and elaborate index $4 eo 

WILSON'S PHOTOGRAPHICS.—'* Chautauqua Edition," with Appendix. By 
Edwako L. Wilson, Ph. D. A most complete photofn^ptuc lesson-boolc Covers 
every department. 352 pag^. Finely illustrated.. 4 00 

THE PROGRESS OF PHOTOGRAPHY.— By Dr. H. W. Vogel. Revised by 
Edward L. Wilson, Ph.D. Gives special consideration to Emulsion Photofj^- 
raphy, and has an additional chapter on Photofn^phy for Amateurs. Em- 
bellished with a full-page electric-li^^t portrait by Kurtz, and seventy-two 
wood-cuts 300 

BIGELOWS ARTISTIC PHOTOGRAPHY, with photographs 4 00 

HEARN'S STUDIES IN ARTISTIC PRINTING, with photographs 3 00 

BURNET'S HINTS ON ART. K fac simiU reproduction of the costly original 

edition 4 on 

PHOTO-ENGRAVING, PHOTO-ETCHING, AND PHOTO-LITHOGRAPHY. 
By W. T. Wilkinson. Revised and enlarged by Edward L. Wilson, Ph.D. 
Illustrated. 180 pages. Cloth bound 3 qo 

PRACTICAL GUIDE TO PHOTOGRAPHIC AND PHOTO-MECHANICAL 
PRINTING. By Prof. W. K. Burton. Amply illustrated. 348 pages Cloth 
bound ; I 00 

WILSON'S PHOTOGRAPHIC MAGAZINE. A semi-monthly magazine, illus- 
trated by photographs, $5 00 a year ; club rate with Weekly Photographic Times, 9 00 

THE PHOTOGRAPHIC COLORISTS' GUIDE.— By John L. Gihon. The 

newest and best work on painting photographs i 50 

WILSON'S LANTERN JOURNEYS.— By Edward L. Wilson, Ph.D. In three 
volumes. For the Lantern Exhibitor. Give incidents and facts in entertain- 
ing style of about 3.000 places and things, and travels all over the world. Per 
volume ■ 00 

PHOTOGRAPHIC MOSAICS, 1891. Published annually. Cloth bound, $1.00; 

Paper cover , 50 
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IS ILIUSTHATBD EVEEY WEEK 

WITH A FULL PACE PICTURE. 

Ihus including in ihe year FIFTT-TWO FULL PAGE PICTURES, makinK it 
the best lllnstrated PhotoKrapblc periodical In the norld. Special numben 
canlaii) more than one high grndc illustialion ; and there are published, beside* 
superb Photo-Etavures, pictorial illustrations, by cither photographic and photi>* 
mechanical printing processes. 

The illustrations are carefully selected, and represent the best worb of rcpre-' 
sentalive American artists. There are also copies of famous picluies, from lim 
time, to illustrate lessrtns in art for photographers, accompanied by instructiTC readii^: 

The Editorials and Editorial Notes are of Kreatest practical viln^ 

as ihey are the result of actual practice and experiment, by the staff. 

Prof. W. K. BURTON, on SaiHTiFic*KDP 
ANDREW PRINOLE, on SuBiscTs OP Gkea- 

VAI.UE, 

P. C. DUCHOCHOIS, on Chbmicai. Surjkcts. 
W. J. 3TIL.LMAN, dn Art and Practical ! 

Prof. CHARLES EHRUANN, on Dark R 



Notes from the Eva 

W.H. Sherman. 
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THE PHOTOGRAPHIC TIMES PDBLI8H1IIG ASSOCIATION, Publlsbers, 

423 Broome Street, Sew York i 



OPINIONS OF "THE PHOTOGRAPHIC TIMES." 

" Thk Times will now lead the field." Rev. W. H. BURBANK, Brunswick, Me. 

*' May success, commensurate with your enterprise, attend The Times." 

S. R. STODDARD, Glens FaUs, N. Y. 

" It is a beauty." LUCY E. KEELER, Literary Editor, Fnmont Journal. 

" I must say that you have surpassed yourselves." 

M. R. COLEMAN, Cayuga Lake, N. Y. 

** Exceedingly interesting and artistic." SAMUEL MERRILL, of the Boston Globe. 

*^ I find something in The Times every week that helps me. It is a splendid journal for 
photographers." C. H. SHEPPARD, Melville Village, N. H. 

" It is certainly admirable." Prof. W. K. BURTON, Tokio, Japan. 

*' Brightness 'W&zW''— Photography^ London. 

•' Filled with its usual line of useful information." — New Bedford Evening Standard. 

'* No professional or amateur photographer can afford to be without The Times." 

— Coolers Weekly^ Norwich, Conn. 

" I have taken The Photographic Times for a few months only, but in that time I 
have learned more about photography in it than from anything else," writes 

''A YOUNG AMATEUR." 

" I could not do without The Times on any consideration." 

JOHN E. NOYES, Le Sueur, Minn. 

'* Marvels of excellence— outside as well as in ! And the exquisite photogravures 
cannot fail to impart entertainment and instruction to all who view them." 

W. T. DEM A REST, Pres. Photographic Section of Agassiz Assn. 

" You have made great improvements." DALLET FUGUET, Bryn Mawr, Pa. 

" I like The Times very much." 

C. W. CANFIELD, Ex-Pres. Society Amateur Photographers, New York. 

** I like The Times immensely, and shall get you to send it off to me when I return ta 
England." Kev. H. W. BARNWELL, Sarasata, Fla. 

" The St. Louis Camera Club highly value yoiu* journal." 

SECRETARY, St. Louis, Mo. 

" Supported by an able staff which comprises the names of many who have distinguishecT 
themselves in modem photographic research, and their writings are the result of actuaF 
practice and experiment." — Kingston (N. Y.) Daily Freeman, 

*^ The Photographic Times is full of information for both amateur and professional 
photographers." — Guyer^s Stationer. 

*' I am anxious to have every number of your good journal in my volume, to make it 
complete. I know what I miss when I do not get a number, as I have r«id The Times 
since the first number." A. H. CALDERWOOD, Utica, N. Y. 

" A noble publication ! " — The Camera^ London, Eng. 

" I prize it very highly." W. W. GRATSCHUFF, " A Russian Amateur." 

" Your subscribers have much to be thankful for." 

ANDREW PRINGLE, London, Eng. 

" I always read The Times with great pleasure." 

H. P. ROBINSON, Tunbridge Wells, Eng. 

'* It interests me more than I can well express." W. M. ASHMAN, London, Eng. 

" Photographic Times gets better every number." 

FRED. WHITEHEAD, St. Augustine, Fla. 

*' Though I take a large number of journals of various kinds, there is none I look for 
with more interest than The Times." Prof. W. F. GOODENOUGH, Columbus, O. 

" I believe it unnecessary to state that I regard The Times as one of the best journals 
devoted to photography published in the English language, and I find many others of a 
like opinion." JOHN B. CASSELBAUN, Philadelphia, Pa. 

*' I am delighted with its fresh and instructive contents, giving at all times something 
to think about and experiment with." A. S. MURRAY, Baltimore, Md. 

" The Times is a very great help to beginners in the art of photography. * ♦ « 
Unlike many other journals, your articles are practical and simple, and a wonderful help." 

A. D. cutter, Cleveland, O. 

*' Your paper is eagerly looked forward to and diligently consulted in the College 
Scientific Association." Prof. A. C. COLE, Demion, Minn. 

" The leader of photographic periodicals." A. B. STEBBINS, Canisteo, N. Y. 

" We cannot keep house without The Times." W. H. DUNWICK, Pulaski, N. Y. 

" Tasteful ! Well edited ! And crammed full of technical information is The Photo- 
graphic TiuKsJ*^— The Journalist ^ New York City. 

" Without your journal the fraternity are behind the times, and, like a crab, are moving 
backwards." A. K. A. & M. LIEBICH, Cleveland, O. 

" I think it goes without saying that it is one of the best and most complete publications 
of the kind we have in this country." F. C. BEACH, New York City. 
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Of the two writers, both have zealously followed photography, as something^ more 
than a mere amusement, for a considerable number of years. One of the vmters has 
studied the science from a theoretical and experimental pK>int, while the other writer's 
attention has been almost entirely directed to the production of practical results b^r the 
processes known, and by each process as it has been given to the world. As the joint 
work of two acknowledged authorities in photography, and as every word in it refers to 
subjects with which the authors are personally and intimately acquainted — ^with not a 
direction or a formula given on trust—*' Thb Processes of Purs Photography " possesses 
a PRACTICAL VALUE that justly entitles it to become at once 

A STANDARD liVORK. 

It not only contains the best of all the processes and methods which have been tried by 
the experienced authors, but also includes much that is new and has 

NEVER BEFORE BEEN PUBLISHED. 

FOLLOWING IS THB 

CONTENTS OF THIS COMPLETE BOOK : 

Negatives and Stripping 



Clf AFTER. 

I. — Introductory and Historical. 
II. -The Theory of Photography. 
III. — Apparatus. 
IV.— The Dark Room. 
V.—'* Negative " and " Positive." 
VI.— The Wet Collodion Process. 
VII. — A Dry Collodion Process. 
VIII.— Gelatme Emulsion Processes, Pre- 
liminary. 
IX.— Gelatine-bromide Emulsion. 
X. — Gelatine-bromide Emulsion, by the 
Ammonio-nitrate Process, and 
Precipitation by Alcohol. — Cen- 
trifugal Separation. 
XI. — Coating Plates with Gelatine-bro- 
mide Emulsion, Drying, etc. 
XII.— The Camera in the Field. 
XIII. — Exposure and Development Gener- 
ally Treated. 
XIV.— Development of Gelatine-bromide 

Plates. 
XV.— Gelatine-bromide Plates— Fixing, 
Intensification, Reduction, Etc. 
XVI — Defects in Gelatine-bromide N^^a. 
tives. 



Chapter. 

XVII.— Paper 

Films. 
XVIII.— "Color Correct," or »* Ortho- 
chromatic Photography." 
XIX.— Stereoscopic Photography. 
XX.— Part II. Printing Processes, 

PreUfflinary. 
XXI.— Printing- on Albumenized Paper 

with Silver Chloride. 
XXII.— Preparation of Negatives for 
lYioting, Combination Print- 
ing, Vignetting. 
XXIII.— Printtog on Plain Salted Paper. 
XXrV.— Gelatine-chloride Paper for 

Printing-out. 
XXV.— Contact Printing on Gelatine- 
bromide Paper. 
XXVI.^RApid Printing Paper. 
XXVII.— Platinotype, or Prmting in Pla- 
tinum. 
XXVin.— The** Carbon Process," or" Pig- 
ment Printing." 
XXIX.— Positives and Negatives by 

Enlargements. 
XXX.— Lantern slides. 
XXXI.— Residues. 

Price, in paper covers $2.00. | Libraiy Edition $2.60 
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